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Parti. 


1.4  kW  COIL  with  5  cm  Gain  Length  and  Nitrogen  Dilution 


ABSTRACT 


The  developed  supersonic  COIL  with  5  cm  gain  length  was  driven  by  Verti  Jet  SOG  having  0.28  liter  of  working 
volume.  The  oxygen  was  diluted  by  the  primary  nitrogen  downstream  from  the  JSOG.  Two  types  of  nozzles  were  tested: 
single  throat  nozzle  with  10  mm  throat  height  and  double  throat  nozzle  with  total  throat  height  15  mm.  The  COIL  with  single 
throat  nozzle  operated  at  the  primary  nitrogen  dilution  02:N2  =  1:1  and  the  chlorine  flow  rate  less  than  40  mmole/s  to 
maintain  the  designed  gas  flow  conditions  in  the  reactor  of  JSOG.  The  maximum  power  765  W  has  been  achieved  at  39 
mmole/s  of  the  chlorine  molar  flow  rate.  The  using  of  double  throat  nozzle  allowed  to  increase  chlorine  molar  flow  rate  up  to 
75  mmole/s.  In  this  case  the  maximum  power  1.4  kW  has  been  reached  for  primary  nitrogen  ratio  02:N2=1:L28.  The 
specific  performances  of  5  kW  per  1  liter  of  the  reactor  volume,  of  100  W/cm2  per  unit  of  the  stream  cross  section  area  in  the 
cavity  and  of  2,7W/(liter/s)  of  the  pump  capacity  were  obtained. 


Specification 

Pr  pressure  in  reactor 

P2-  in  the  mixing  chamber  (plenum  pressure), 

P3static  pressure  in  the  cavity, 

P4  -pressure  in  iodine  measurement  cell, 

P5  -total  pressure  in  Pitot  tube 
P6  -pressure  in  the  vacuum  duct  downstream  cavity 
P j2-  iodine  partial  pressure  in  the  measuring  cell 
Gc  -  chlorine  molar  flow  rate, 

Gnp  -primary  nitrogen  molar  flow  rate, 

Gns  -secondary  nitrogen  molar  flow  rate, 

Gi2-  iodine  molar  flow  rate, 

GNM-the  total  nitrogen  molar  flow  rate  through  mirrors  tunnels  (purging) 
Ti  -  the  transmission  of  the  output  mirror, 

T2  -  transmission  of  the  second  mirror. 

W  r  laser  power  from  output  mirror 
W-  total  laser  power 
rjc-chemical  efficiency 

n 

M-  Mach  number  of  the  flow  from  ratio  P<  166.7M 


(7M2-lf5 


1.1  Introduction 
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The  large  interest  to  a  possibility  of  creation  of  the  chemical  oxygen-iodine  laser  (COIL)  for  various  technological 
applications  has  increased  now  [1-3].  The  special  interest  represents  the  use  COIL  with  10-^30  kW  power  level  for  the 
remote  decontamination  and  decommissioning  of  nuclear  reactors.  On  evaluations  of  the  experts,  the  request  of 
disassembling  of  nuclear  reactors  will  increase  sharply  in  the  beginning  of  the  next  century,  when  the  reactors  created  in  60- 
70  years  will  serve  the  term  [3].  COIL  can  find  applications  in  such  areas,  as  cutting  thick- walled  steel  in  shipbuilding,  the 
welding  of  aluminum  constructions,  welding  and  cutting  under  water.  The  good  delivery  of  COIL  radiation  by  optical  fiber 
allows  to  roboticize  the  technology  laser  equipment  on  it  base.  For  reduction  of  life-cycle  cost  of  COIL  energy  the  essential 
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1  13.  ABSTRACT  (Maximum  200  words) 

significance  has  the  decrease  of  the  requested  pump  capacity  and  the  cost  of  all  chemicals  and  buffer  gases  [4].  To  decrease 
of  the  requested  vacuum  pump  capacity  it  is  necessary  to  increase  partial  pressure  of  oxygen  in  the  cavity.  The  use  of 
nitrogen  for  dilution  of  COIL  active  medium  is  preferable  because  this  gas  is  much  cheaper  than  helium  and  can  be  stored  in 
the  liquid  state.  It  was  shown  earlier,  that  the  use  of  nitrogen  in  supersonic  COIL  makes  possible  to  reach  chemical 
efficiency  comparable  with  it  value  at  using  helium  as  diluent  [5].  The  preliminary  cooling  of  nitrogen  up  to  80°K  increases 
chemical  efficiency  of  laser  on  several  percents.  It’s  possible  to  supply  laser  directly  from  vessels  with  liquid  nitrogen  in  this 
case  that  considerably  will  reduce  weight-dimensional  performances  of  a  mobile  laser  set-up.  The  necessity  of  significant 
gasdynamic  cooling  of  an  active  medium  is  not  at  using  cold  primary  nitrogen  because  of  the  total  pressure  losses  are  less 
essentially  for  smaller  Mach  numbers.  The  request  of  a  large  gas  velocity  in  the  cavity  is  connected  with  the  stretching  of  the 
gain  zone.  It  is  necessary  for  using  of  the  effective  optical  resonators.  The  gas  velocity  at  Mach  number  M=2  exceed  sonic 
velocity  only  in  1.63  times  at  the  same  stagnation  temperature,  because  it  is  enough  to  achieve  the  Mach  number  of  the 
active  gas  in  the  cavity  close  to  M=l.  Up  to  the  present  possibility  of  reaching  of  high  COIL  chemical  efficiency  for  nitrogen 
as  diluent  of  active  medium  and  high  oxygen  pressure  in  the  cavity  remained  open.  Recently  in  the  work  [3]  the  chemical 
efficiency  r|=15%  has  been  obtained  at  chlorine  flow  rate  70mmole/s  in  COIL  with  5  cm  gain  length.  The  main  feature  of  the 
laser  operation  at  nitrogen  dilution  of  the  active  medium  consists  in  the  diminution  of  the  duct  conductivity  «SOG  -  nozzle» 
and  in  the  growth  of  all  pressure  in  the  duct  and  02(1A)  transportation  time  than  at  using  helium  as  diluent.  It  is  accompanied 
by  02(1A)  quenching  and  losses  and  growth  of  the  static  pressure  in  the  iodine  mixing  region.  Therefore  requests  to  the 
designs  of  the  COIL  duct  and  mixing  units  increase  sharply.  There  is  the  necessity  of  the  increase  of  the  supersonic  nozzle 
throat  at  using  nitrogen.  At  the  same  time  the  increase  of  the  nozzle  throat  is  limited  by  the  existing  vacuum  pump  capacity. 
In  the  given  work  we  have  tried  to  take  into  account  all  these  factors  connected  with  COIL  operation  at  high  chlorine  flow 
rate  and  nitrogen  dilution  of  the  active  medium.  JSOG  allows  to  reach  very  good  chlorine  utilization  and  to  obtain  oxygen  at 
pressures  in  tens  torr  with  the  high  02(1A)  content  [6].  The  generator  with  output  of  oxygen  stream  vertically  through  a 
central  orifice  in  the  injector  of  the  basic  hydrogen  peroxide  (BHP)  is  the  most  advanced  JSOG  design  from  the  viewpoint  of 
it’s  scaling  [7].  The  investigated  COLL  with  advanced  JSOG  design  and  gain  length  of  5  cm  has  practically  the  same  widths 
of  the  stream  in  the  reaction  zone  (34  mm)  and  in  the  cavity  (30  mm).  The  configuration  of  gas  stream  in  the  given  laser  can 
be  considered  as  one  element  of  the  stream  in  the  high  powerful  COIL  with  grid  nozzle. 

1.2.  EXPERIMENTAL  COIL  SET-UP  AND  MEASUREMENTS 

The  present  COIL  consists  of  the  advanced  JSOG  (1),  the  chamber  for  mixing  of  primary  nitrogen  with  oxygen  (6)  and  the 
slit  nozzle  (Fig.l). 
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Fig.  1.  The  scheme  of  COIL  set-up 

The  JSOG  consists  of  the  counter-flow  reactor  (3),  the  nozzle  bank  for  injection  of  BHP  jets  (4),  the  inlet  for  gaseous 
chlorine  (5).  The  cross-section  of  the  reactor  is  equal  to  34x50mm2.  The  design  of  JSOG  was  described  in  detail  in  final 
technical  report  according  to  contract  SPC-98-4044.  The  new  nozzle  bank  for  injection  of  BHP  jets  was  designed.  It  was 


manufactured  from  plastic.  The  total  number  of  nozzles  drilled  in  nozzle  bank  was  296  and  diameter  of  nozzles  0.7  mm.  The 
thickness  of  nozzle  bank  plate  is  equal  to  3  mm.  The  distance  between  the  chlorine  inlets  and  the  oxygen  outlet  was  equal  to 
165mm.  The  gas  flow  system  consists  of  mixing  chamber  (6)  of  60  mm  in  long  where  oxygen  is  mixed  with  primary 
nitrogen,  iodine  mixer  (7),  two  supersonic  nozzles  (2),  laser  cavity  (8)  and  vacuum  duct  (10).  For  preliminary  cooling  of 
O2+N2  mixture  primary  nitrogen  was  passed  through  a  copper  spiral  placed  into  liquid  nitrogen.  Two  slit  nozzles  were 
tested.  The  first  iodine  mixer  +  nozzle  unit  was  identical  to  that  described  in  [5]  and  had  the  single  throat  10  mm  in  height 
and  50  mm  along  optical  axis.  The  height  of  flow  near  optical  axis  was  20  mm.  The  second  iodine  mixer  +  nozzle  has  two 
throats  of  7,5  mm  height  due  to  placing  in  it’s  center  of  the  perforated  5  mm  tube  with  the  blade.  The  sketch  of  two  throats 
nozzle  is  shown  in  Fig.l.  The  walls  of  the  slit  duct  diverged  at  the  angles  of  2,5°.  The  optical  resonator  consists  of  the 
mirrors  (9)  of  45mm  diameter  and  5m  curvature.  The  mirror  spacing  was  65  cm,  as  nitrogen-purged  tunnels  separated  the 
mirrors  from  gain  region.  The  heights  of  the  stream  in  the  center  of  the  cavity  were  equal  to  28  mm  and  30  mm  for  distance 
of  55mm  and  80  mm  between  nozzle  throat  and  optical  axes  correspondingly.  The  mechanical  pump  maintains  the  exhaust 
of  the  active  medium  with  125  liter/s  capacity.  The  vacuum  tank  with  volume  of  4  m3  is  connected  quickly  in  parallel  to  the 
pump  for  creation  of  the  high  short  time  exhaust  capacity.  The  nitrogen  tests  showed  that  maximum  exhaust  capacity  was  of 
630  liter/s  at  the  first  second  and  was  decreased  up  to  520  liter/s  in  5sec. 

During  the  laser  operation  the  pressure  in  the  reactor  Pi,  in  the  mixing  chamber  (plenum  pressure)  P2,  static  pressure  in  the 
cavity  P3,  in  the  iodine  measuring  cell  P4,  total  pressure  in  Pitot  tube  P5  and  pressure  in  the  vacuum  duct  P6  were  measured. 
The  ratio  P5/P3  was  used  for  estimation  of  Mach  number  M  of  gas  flow  in  laser  cavity. 

The  given  COIL  design  creates  the  favorable  conditions  for  improving  of  JSOG  productivity  and  gives  a  good  possibility  for 
the  scaling.  It  was  found  carrying  out  of  BHP  film  from  the  reactor’s  walls  in  traditional  version  of  the  JSOG  was  the  main 
reason  that  cause  BHP  aerosol  in  the  gas  flow  [  ].  The  emergence  of  BHP  drops  in  the  advanced  Verti-JSOG  is  possible 
only  due  to  the  generation  and  carry-out  its  by  gas  flow  from  volume. 

The  gaseous  chlorine  is  delivered  to  JSOG  from  the  elastic  plastic  envelope  at  atmospheric  pressure,  where  it  is  delivered  in 
its  turn  from  small  balloon  with  liquid  chlorine.  The  total  output  power  W  was  counted  equal  to  W  =  Wi  (Ti+T2)/Ti,  where 
Ti  is  the  transmission  of  the  output  mirror,  T2  is  transmission  of  the  second  mirror. 


1.3.  THE  COIL  OPERATION  WITH  ONE  THROAT  NOZZLE 

The  chlorine  molar  flow  rate  in  these  experiments  was  Gc  =  39.2  mmole/s.  The  preliminary  test  of  JSOG  showed  that  at 
pressure  Pi  =  35  torr  in  JSOG  the  02(]A)  yield  was  more  than  60%  and  chlorine  utilization  more  than  90%.  The  ratio  close 
to  Gc:Gnp:GNs=1:1:1  was  used  in  COIL  operation  to  achieve  optimal  pressure  in  JSOG  Pi=35  torr.  The  distance  between 
nozzle  throat  and  optical  axis  was  55  mm.  The  maximum  power  765W  and  chemical  efficiency  21.5%  were  achieved  for 
iodine  molar  flow  rate  0.44  mmole/s  and  mirror  transmission  Ti=l%  and  T2=0%.  The  Mach  number  of  gas  flow  n  cavity  was 
estimated  as  1.54.  The  using  molar  gas  flow  ratio  Gc:Gnp:Gns=  1:2:1  resulted  in  off  designed  value  of  pressure  in  JSOG. 
Therefore  the  double  throat  nozzle  was  used  to  test  COIL  at  higher  primary  nitrogen  dilution. 

1.4.  THE  COIL  OPERATION  WITH  TWO  THROAT  NOZZLE 

1.4.1  The  COIL  operation  with  39.2  mmole/s  of  chlorine  molar  flow  rate. 

First  of  all  in  experiments  the  ratio  G^G^Gns^^I  was  used.  At  cold  laser  tests  with  using  nitrogen  instead  of  all  gases 
and  for  the  flow  rate  of  nitrogen  39,2  mmole/s  through  JSOG  the  Mach  numbers  were  equal  to  1.72  and  1.8,  accordingly  for 
distances  between  optical  axes  and  the  nozzle  throat  of  55  mm  and  80  mm.  Mach  numbers  for  ideal  iso-entropic  expansion 
stream  should  be  equal  to  2,18  and  2,25,  accordingly.  The  difference  of  these  Mach  numbers  and  obtained  ones  in  the 
experiments  is  explained  by  the  imperfect  nozzle  profile,  existence  of  the  boundary  layers  and  the  heat  release. 

Firstly  the  distance  between  throat  and  optical  axis  55  mm  was  installed. 

The  total  matrix  of  experiments  for  39,2  mmole/s  of  chlorine  and  55  mm  distance  between  optical  axis  and  nozzle 
throat  is  presented  in  Table  1. 

In  hot  experiments  for  Gc:Gnp :Gns  =  1:2:1  and  nitrogen  flow  rate  through  each  mirror  tunnel  of  1.36  mmole/s  the  pressures 
in  the  reactor  Px  and  in  the  mixing  chamber  P2  were  equal  to  35  torr  and  22.5  torr  and  didn’t  depended  on  molecular  iodine 
molar  flow  rate  Gi2.  The  estimation  of  the  absolute  gas  velocity  in  the  mixing  chamber  gave  a  value  of  178  m/s.  The  pressure 
in  the  vacuum  duct  P6  exceeded  static  pressure  in  the  cavity  P3  on  (1-^3)  torr  during  the  COIL  run.  The  weak  dependence 
plenum  pressure  on  Gi2  specifies  by  the  absence  of  significant  heat  release  in  the  duct  between  JSOG  and  nozzle  where 
Mach  number  M<1.  On  the  other  hand  it  was  found  that  pressures  in  cavity  P3  and  Pitot  tube  P5  increased  with  increasing  of 
G12.  It  is  due  to  the  increase  of  the  heat  release  in  the  supersonic  part  of  the  nozzle  with  increasing  of  G12.  The  dependence  of 
output  power  on  G12  is  presented  in  Fig.2.  The  additional  conditions  of  COIL  tests  are  indicated  in  the  Table  2.  The 
maximum  output  power  858  W  (ri=24,l  %)  was  achieved  for  primary  nitrogen  at  80°C  and  798  W  (r|=  22,4  %)  for  nitrogen 
at  room  temperature. 


The  ratio  Gc:Gnp  =1:1  was  used  to  decrease  the  generator  pressure  Pi  and  to  increase  the  gas  velocity  in  the  reactor.  In  this 
case  generator  pressure  Pi  decreased  from  35  torr  to  28  torr,  however  the  supersonic  stream  in  the  cavity  was  unstable.  At 
first  the  increase  of  iodine  flow  rate  resulted  in  monotone  growth  of  output  power,  but  then  the  lasing  failed  sharply  and  the 
stream  in  cavity  became  subsonic  with  Mach  number  M  =  0.66.  The  increase  of  ratio  Gnp:Gc  more,  than  2:1  resulted  in  the 
growth  of  the  reactor  pressure  and  falling  of  the  02(1A)  yield  and  of  output  power. 

Table  1.  The  results  of  COIL  testing  at  39.2  mmole/s  of  Cl2  molar  flow  rate  and  optical  axis-throat  distance  50  mm. 


Gns  I  GNP  I  Go  I  Pi  I  P2  I  P3  I  P4  r  P5  P6  PI2  |  GI2  |  Tt.  %  |  T2.  |  W 1  |  W  |  r}% 


Nitrogen  flow  rate  for  mirror  purging  is  1.3  6  mmob/c  for  each  mirror.  In  first  run  nitrogen  flows  through  JSOG  instead  chlorine 
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In  previous  run  the  subsonic  gas  flow  in  cavity  was  obtained/  Then  again  increase  pri 
39.2  I  33  1  22  I  4.4  I  139  f  14.7  |  5.3  |  2  |  0.7  |  1.3 


7  10.6  4  1.54  0.54 

8  1.4  3.73  1.95  0.68 


It  was  found  that  in  previous  run  mirrors  were  polluted  and  for  next  run  they  were  ckeaned 
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In  next  run  again  decreased  primary  nitgogen  flow  rate  and  again  the  subsonic  operation  was  obtained 
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Optical  axis-throat  distance  of  80  mm.  The  matrix  of  COIL  runs  is  presented  in  Table  3.  The  behavior  of  the  gas 
flow  in  the  cavity  with  growth  of  iodine  flow  rate  became  qualitatively  another  for  the  position  of  the  optical  axes  of  80  mm 
from  iodine  mixer.  The  output  power  equal  to  467  W  at  iodine  flow  rate  of  0.47  mmole/s,  mirrors  with  Tt  =  0.9  %,  T2  «  0  % 
and  ratio  Gc:Gnp:Gns  =1:2:1  was  above,  than  power  at  the  optical  axes  position  of  55  mm.  The  Mach  number  of  a  stream  in 
a  resonator  was  equal  to  1.43  in  this  case.  However,  the  increase  iodine  flow  rate  Gi2  up  to  0.54  mmole/s  led  already  to  the 
change  of  the  supersonic  stream  mode  in  the  cavity  on  a  subsonic  one  and  to  fatal  failure  of  the  lasing.  In  some  tests  it  was 
possible  to  observe  the  temporal  change  of  the  supersonic  regime  for  active  medium  stream  in  the  cavity  on  subsonic  mode 
(Fig.3).  The  duct  was  evacuated  only  by  the  vacuum  pump  up  to  the  time  point  tl.  when  the  valve  of  vacuum  tank  was 
opened.  During  interval  of  time  from  t2  up  to  t3  the  supersonic  regime  with  M=  1.4  is  realized  and  the  lasing  took  place. 
Then  the  pressure  in  cavity  increased  sharply,  the  flow  in  the  cavity  became  subsonic  (M=  0.64)  and  lasing  failed.  On  the 
contrary  at  similar  conditions  in  the  other  test  the  subsonic  flow  in  the  cavity  without  lasing  was  realized  in  the  first  time 
after  opening  vacuum  tank  and  then  the  flow  transited  to  a  supersonic  mode  with  appearing  of  the  lasing. 

Such  behavior  of  the  stream  in  the  cavity  specifies  by  instability  connected  with  appearing  of  the  thermal  crisis  and 
formation  of  a  straight  shock  wave  in  the  nozzle.  Thus  the  increase  of  supersonic  part  of  the  nozzle  on  25  mm  in  these 
conditions  results  in  additional  heat  release  and  heating  of  the  active  medium  sufficient  for  the  change  of  stream  mode  on 
subsonic  one.  The  consequent  COIL  tests  were  conducted  at  the  optical  axes  position  placed  on  55  mm  downstream  the 
nozzle  throat. 


Table  3.  Results  of  COIL  operation  at  39.2  mmole/s  of  chlorine  and  optical  axis-throat  distance  80  mm. 
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Fig.3.  The  time  variation  of  the  pressure  in  the  laser  cavity  and  the  laser  power  during  one  COIL  run  in  conditions  close  to 

the  thermal  crisis.  •  -  pressure  in  the  cavity,  P3 ,  ■  -  laser  power 


1. 4.2.  COIL  operation  with  68  mmole/s  of  chlorine  molar  flow  rate. 

For  chlorine  flow  rate  68  mmole/s  the  laser  tests  were  made  for  gas  molar  flow  rates  ratio  GC:GNP:GNS=  1:2:1.  The  pressures 
Pi  and  P2  were  equal  to  54  torr  and  36  torr,  accordingly.  It  has  been  found  that  the  increase  of  the  nitrogen  flow  for  purging 
of  mirrors  from  4.5  mmole/s  up  to  10.3mmole/s  has  resulted  in  the  raise  of  the  laser  power  from  890  W  to  1035  W  (T!  = 
0.94  %,  T2  =  0.9%)  for  fixed  iodine  flow  rate  of  0.71mmole/s.  The  pressure  P3  has  increased  from  7.6  torr  to  9.7  torr,  and 
the  Mach  number  of  the  flow  dropped  from  M  =  1.49  to  M  =  1.39.  The  growth  of  P3  and  falling  of  the  Mach  number  of  the 
stream  in  the  cavity  with  increasing  of  the  nitrogen  flow  rate  through  cavity  tunnels  were  probably  connected  with 
compression  of  the  stream  (appearing  angle  shocks  in  the  cross  section  of  the  cavity  inlet).  The  dependence  of  output  power 
on  total  transmission  of  mirrors  is  presented  in  Fig.  4.  An  approximate  estimation  of  the  threshold  mirrors’  transmission  is 
equal  to  6  %. 
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Fig.  4.  Dependence  of  output  power  on  the  total  mirrors’  transmissivity  for  Gc  =  68  mmole/s  and  Gi2  =0.71  mmole/s.  •  - 
primary  nitrogen  at  room  temperature,  O  -  cold  primary  nitrogen. 


The  total  matrix  of  COIL  runs  with  68  mmole/s  of  chlorine  is  presented  in  Table  4. 
Table  4.  Matrix  of  COIL  test  with  68  mmole/s  of  chlorine. 
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1.4.3.  COIL  operation  with  75mmole/s  of  chlorine  molar  flow  rate. 

The  total  matrix  of  experiments  is  presented  in  Table  5.  In  several  runs  the  chlorine  molar  flow  rate  was  77  mmole/s  because 
of  increasing  of  atmospheric  pressure. 

The  increasing  of  chlorine  molar  flow  rate  up  to  75  mmole/s  resulted  in  increasing  of  pressures  Pi  and  P2  to  67  torr  and  42 
torr,  accordingly  for  the  ratio  of  the  flow  rates  Gc:Gnp:Gns  =  1:2:1.  If  the  iodine  flow  rate  exceeded  0.8  mmole/s  for  nitrogen 
flow  rate  through  each  mirror’s  tunnel  of  2,7  mmole/s  the  lasing  has  ceased  although  the  active  medium  flow  in  the  cavity 
was  supersonic  with  the  Mach  number  M  =  1.5.  The  raise  of  the  nitrogen  flow  rate  through  each  mirror’s  tunnel  up  to  6,8 
mmole/s  has  allowed  to  reach  the  stable  COIL  operation  at  iodine  flow  rate  down  to  0.9  mmole/s.  Consequently,  the 
resonance  absorption  of  the  stagnant  zones  in  the  mirror’s  tunnels  has  decreased  with  growth  of  the  purging  nitrogen  flow 
rate.  The  maximum  power  of  1030  W  was  reached  at  iodine  flow  rate  of  0.89  mmole/s,  for  given  ratio  of  gas  flow  rates  and 
at  using  of  mirrors  with  Ti=0.94%,  T2=0.9%.  The  pressure  in  the  cavity  and  the  total  pressure  in  the  Pitot  tube  were  equal  to 
P3=8,6  torr  and  P5=29  torr.  The  falling  of  COIL  chemical  efficiency  with  increasing  of  chlorine  flow  rate  from  68  mmole/s 
up  to  75  mmole/s  was  due  to  high  pressure  in  the  reactor  and  smaller  02  (JA)  yield.  The  decreasing  of  Gnp  from  155  mmole/s 
to  79  mmole/s  has  resulted  in  decreasing  of  Pi  to  53  torr.  However  the  flow  mode  in  the  cavity  was  subsonic  (with  static 
pressure  of  14,4  torr  and  the  Mach  number  M  =  0.78)  and  the  lasing  was  absent  at  iodine  flow  rate  of  0.7mmole/s.  The 
additional  diminution  of  GNS  to  44mmole/s  has  not  allowed  to  convert  the  subsonic  flow  of  the  active  medium  to  a 
supersonic  mode.  The  primary  and  secondary  nitrogen  flow  rates  were  increased  up  to  96  mmole/s  and  to  82  mmole/s, 
accordingly,  for  returning  of  the  flow  in  the  cavity  to  a  supersonic  mode.  In  this  case  Pi  was  equal  to  55torr  only  and  the 
Mach  number  had  reached  value  M=1.5.  The  static  pressure  in  the  cavity  was  P3=7.1  torr.  The  fresh  mirrors  (Tj=0.8%  and 
T2=0.7%)  were  installed  simultaneously  and  that  has  allowed  to  obtain  the  total  output  power  of  1408  W  with  chemical 
efficiency  r|=20.7%.  The  growth  of  chemical  efficiency  with  the  diminution  dilution  of  the  active  medium  by  nitrogen  was 
observed  in  [3]  also. 


Table  4,  Matrix  of  COIL  test  with  75  mmole/s  of  chlorine. 
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The  increasing  of  iodine  flow  rate  resulted  in  no  lasing.  In  next  runs  the  nitrogen  flow  rate  for  mirror  purging  was  increased  up  to 

6.8  mmole/s.  Variation  of  iodine  flow  rate 
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1.5.  CONCLUSION 

The  presented  results  of  COIL  tests  showed  that  laser  output  power  and  flow  mode  of  the  active  medium  in  the  cavity 
depend  essentially  on  the  primary,  secondary  and  purging  nitrogen  flow  rates.  It’s  stipulated  in  many  respects  by  the  limited 
pump  capacity.  So  static  pressure  P3  in  the  cavity  as  a  rule  was  always  less  than  pressure  P6  in  vacuum  duct  on  (I-j-3)  torr  in 
the  present  tests.  The  inlet  and  outlet  of  the  cavity  for  a  gas  stream  were  made  identical  to  prevent  the  penetration  of  the 
increased  pressure  from  the  vacuum  duct.  The  increase  of  nitrogen  flow  rates  through  the  mirrors’  tunnels  is  limited  by 
formation  of  angle  shocks  and  compression  of  a  supersonic  stream.  Obviously,  on  the  other  hand,  that  the  size  of  stagnant 
zones  in  the  mirrors’  tunnels  (where  gas  circulates,  relaxes  and  may  have  the  resonance  absorption)  should  decrease  with 
growth  of  the  purging  nitrogen  flow  rates. 

The  raise  of  heat  release  in  the  active  medium  or  reduction  of  the  gas  thermal  capacity  lead  to  the  thermal  crisis  and  to  the 
break  -  down  of  the  stream  to  subsonic  mode.  It  was  observed  when  the  distance  between  the  nozzle’s  throat  and  optical  axes 
has  been  made  longer  from  55  mm  to  80mm  and  when  the  flow  rates  Gnp  or  GNs  have  been  decreased.  The  break-down  of 
the  flow  to  subsonic  mode  with  higher  pressure  results  in  the  failure  of  the  lasing.  The  obvious  explanation  of  this  failure  of 
lasing  consists  in  the  sharp  increase  of  temperature,  threshold  02(1A)  yield,  all  concentrations  (water  vapor,  atomic  and 
molecular  iodine,  oxygen)  and  in  the  intensification  of  02(1A)  quenching  and  heat  release.  In  addition  singlet  oxygen  fraction 
in  the  mirrors'  tunnels  may  decrease  to  a  level  which  is  lower  than  threshold  value  (parameter  Px  increases  sharply  in 
subsonic  mode)  and  may  lead  to  resonance  absorption  in  these  tunnels.  Unfortunately  in  the  frame  of  the  given  work  we  can 
not  explain  uniquely  the  failure  of  lasing  at  realization  of  a  subsonic  flow  in  the  cavity. 

The  final  COIL  test  sheet  is  presented  in  Fig.5  and  Table  6.  The  experimental  results  of  additional  COIL  tests  at  chlorine 
flow  rate  Gc  =  23,2mmole/s  and  Gc:Gmp:GNs  =  1:2:1  are  represented  here  also.  The  efficiency  of  the  laser  depends 
essentially  on  used  mirrors  set,  that  was  marked  earlier  in  other  works  also  [8]. 


The  most  important  specific  parameters  of  COIL  have  been  reached  in  the  given  work:  specific  power  per  unit  of  the  stream 
area  in  the  cavity  of  100W/cm2,  specific  power  per  unit  of  the  reactor  volume  of  5  kW/liter  and  specific  power  per  unit  of 
the  pump  capacity  (without  using  diffuser)  of  2,7W/(liter/s)=2.7J/liter.  The  maximum  specific  power  per  unit  of  the  stream 
area  in  the  cavity,  known  to  the  present  time  of  400  W/cm2  and  specific  power  per  volume  of  the  reactor  of  4,3  kW/liter  are 
reached  in  the  work  [7].  Such  performances  were  possible  to  reach  as  a  result  of  the  increase  of  a  linear  gas  velocity  in  the 
reactor  and  in  the  cavity  at  large  dilution  of  oxygen  by  helium.  In  the  given  work  the  raise  of  specific  power  per  unit  of  the 
reactor  volume  up  to  5  kW/liter  is  reached  by  increasing  of  JSOG  pressure. 


0  10  20  30  40  50  60  70  80 

Chlorine  flow  rate,  mmole/sec 

Fig.5.. Dependence  of  laser  power  on  chlorine  flow  rate.  The  direct  line  corresponds  to  chemical  efficiency  of  20%. 


Table  6 


Gc 

Gns 

Gnp 

Ti,  T2,% 

w 

T),  % 

M 

23 

23,2 

46.5 

0.7;  0.7 

390  (•) 

18.7 

1.24 

23 

23,2 

46.5 

l;  o 

429  (■) 

20.6 

1.24 

39.2 

39,2 

78.4 

0.9;  0 

574  (*) 

16.2 

1.48 

39.2 

43 

78,4 

l;0 

798  (■) 

22.4 

1.52 

39.2 

40 

78,4 

1.3;  0 

642  (★) 

18.1 

1.51 

39.2 

39,2 

78.4 

0.7;  0.7 

764  (•) 

21.4 

1.37 

39.2 

43 

78.4* 

l;  0 

858  (  ) 

24.1 

1.38 

68 

66 

66 

0.8;  0.7 

1074  (A) 

17.4 

1.51 

68 

66 

66* 

0.8;  0.7 

1183(A) 

19.2 

1.43 

75 

65.7 

135.5 

0.7;  0.7 

1074  (•) 

15.8 

1.5 

75 

65.7 

95.8 

0.8; 0.7 

1303  (A) 

19.2 

1.4 

75 

82. 

95.8 

0.8;  0.7 

1408  (A) 

20.7 

1.5 

*-  cold  primary  nitrogen 
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Part  2. 

An  efficient  supersonic  COIL  with  more  than  200  torr  of  the  total 

pressure  in  the  active  medium. 


Abstract 

The  new  nozzle  concept  was  suggested  and  tested  for  chemical  oxygen-iodine  laser  (COIL).  The  nozzle  bank 
consists  of  the  array  of  cylindrical  nozzles  for  pure  N2  flow,  slit  nozzles  for  02(1A)  flow.  The  N2+I2  jets  are  injected  into 
turbulent  wakes  between  oxygen  and  N2  streams  through  small  cylindrical  orifices.  The  LIF  was  used  for  the 
visualization  of  the  iodine  mixing  efficiency  in  the  mixing  chamber.  It  was  found  practically  uniform  distribution  of 
iodine  molecules  in  the  supersonic  flow  on  the  distance  about  60  mm  downstream  nozzle  bank.  The  COIL  experiments 
were  performed  with  this  nozzle  bank  and  at  5  cm  gain  length  COIL  cavity.  The  output  power  700  W  or  chemical 
efficiency  19.7%  have  been  achieved  for  the  chlorine  molar  flow  rate  39.2  mmole/s.  Simultaneously  the  static  pressure 
10.9  torr  in  laser  cavity  and  pressure  100  torr  in  Pitot  tube  have  been  achieved.  The  estimated  Mach  number  of  the  flow 
was  equaled  to  2.6  and  total  pressure  in  the  laser  cavity  was  equaled  to  218  torr.  High  dilution  of  the  oxygen  by  nitrogen 
1:11  results  in  small  growth  of  the  stagnation  temperature  of  the  gas  flow  and  creates  good  conditions  for  the  pressure 
recovery  in  the  diffuser. 

Pr  pressure  in  reactor 

P2-  in  the  mixing  chamber  (plenum  pressure), 

P3static  pressure  in  the  cavity, 

P4  -pressure  in  iodine  measurement  cell, 

P5  -total  pressure  in  Pitot  tube 
P6  -pressure  in  the  vacuum  duct  downstream  cavity 
PI2-  iodine  partial  pressure  in  the  measuring  cell 
Gc  -  chlorine  molar  flow  rate, 

Gnp  -primary  nitrogen  molar  flow  rate, 

Gns  -secondary  nitrogen  molar  flow  rate, 

GI2-  iodine  molar  flow  rate, 

GNM-the  total  nitrogen  molar  flow  rate  through  mirrors  tunnels  (purging) 

Ti  -  the  transmission  of  the  output  mirror, 

T2  -  transmission  of  the  second  mirror. 

Wr  laser  power  from  output  mirror 
W-  total  laser  power 
r|c-chemical  efficiency 

M-  Mach  number  of  the  flow  from  ratio  =  166.7M7 

P3  (7M2  - 1)2  5 


2. 1.  Introduction 

The  increase  of  the  stagnation  pressure  of  the  gas  flow  in  the  cavity  of  gas-dynamic  and  chemical  lasers  is  very 
important  for  efficient  exhaust  of  the  laser  gas  into  atmosphere  [1].  The  increase  of  the  stagnation  pressure  should  not 
accompanied  with  essential  decreasing  of  the  power  and  efficiency  of  the  laser  system.  This  problem  is  specific  for  COIL 
due  to  relatively  low  pressure  in  the  singlet  oxygen  generator.  The  stagnation  pressure  in  the  Verti-COIL  laser  system 
with  rotating  disk  SOG  [2]  has  been  increased  up  to  100  torr  using  high  dilution  (1:6)  oxygen  by  helium.  However  high 
gas  density  in  the  reaction  zone  promotes  the  initiation  of  instabilities  of  the  BHP  film  on  the  disks  and  entrainment  of 
BHP  aerosol  because  this  method  has  restricted  possibility  for  reaching  high  recovery  pressure.  The  new  ejector  method 
of  preparing  of  the  COIL  active  medium  has  been  suggested  in  [3,4].  The  nozzle  bank  consists  of  conical  nozzles  for 
N2+I2  flow  and  slit  or  cylindrical  nozzles  for  02(!A)  flow.  The  conical  nozzles  generate  supersonic  N2+I2  jets  but  slit  or 
cylindrical  nozzles  generate  02(!A)  sonic  jets  with  moderate  static  pressure  (10  torr).  If  the  total  momentum  N2+I2  jets  is 
much  more  than  the  momentum  of  oxygen  jets  then  the  full  pressure  of  completely  mixed  stream  will  be  determined 
mainly  by  N2+I2  flow.  This  scheme  keeps  the  inner  contradictions  yet.  Indeed,  the  reaching  of  high  full  pressure  requests 
generating  the  N2+I2  flow  with  large  supersonic  velocity  in  the  nozzles  with  high  expansion  ratio.  Iodine  vapor 
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PART  3 

The  results  of  iodine  gain  line  scanning  in  COIL  with  slit  nozzle  and  new  nozzle 

bank. 


Abstract 

The  probe  diode  laser  was  used  to  scan  the  gain  line  of  iodine  atom  in  supersonic  flows  of  COILs  with  slit 
nozzle  and  new  nozzle  bank. 

Pr  pressure  in  reactor 

P2-  in  the  mixing  chamber  (plenum  pressure), 

P3-static  pressure  in  the  cavity, 

P4  -pressure  in  iodine  measurement  cell, 

P5  -total  pressure  in  Pitot  tube 
P6 -pressure  in  the  vacuum  duct  downstream  cavity 
Pi2~  iodine  partial  pressure  in  the  measuring  cell 
Gc  -  chlorine  molar  flow  rate, 

Gnp  -primary  nitrogen  molar  flow  rate, 

GNs  -secondary  nitrogen  molar  flow  rate, 

Gc-  iodine  molar  flow  rate, 

GuM-the  total  nitrogen  molar  flow  rate  through  mirrors  tunnels  (purging) 

Ti  -  the  transmission  of  the  output  mirror, 

T2  -  transmission  of  the  second  mirror. 

Wr  laser  power  from  output  mirror 
W-  total  laser  power 
ric-chemical  efficiency 

M-  Mach  number  of  the  flow  from  ratio  P5  _  166.7M7 

P3  (7M2  - 1)2  5 

3.1.  Introduction. 

The  operation  of  COIL  with  slit  nozzle  having  two  throats  was  described  in  Part  1  of  present  report.  The 
operation  of  COIL  with  new  nozzle  bank  (ejector  scheme)  was  described  in  Part  2  of  the  present  report.  All  these  results 
with  laser  power  optimization  were  obtained  in  the  spring  and  summer  of  1999.  The  results  of  gain  scanning  were 
obtained  in  November  -  December  of  1999.  Before  stating  of  gain  measurements  several  modifications  of  COIL  set-up 
were  made.  The  analysis  of  experimental  result  obtained  in  the  first  half  of  1999  forced  us  to  make  several  changes.  It 
seemed  to  us  that  these  changes  of  set-up  would  improve  the  operation  of  COIL.  First  of  all  the  absorption  length  in 
iodine  measuring  cell  was  made  5  cm.  It  allowed  us  to  measure  more  precisely  iodine  molar  flow  rate  at  higher  level. 
But  the  new  design  of  this  cell  resulted  to  increase  of  the  nitrogen  pressure  in  the  measuring  cell  in  comparison  with  old 
design  at  the  same  secondary  nitrogen  molar  flow  rate.  It  is  necessary  to  take  into  account  when  one  will  compare  the 
value  of  P4.  Another  important  modification  was  made  in  laser  cavity  duct.  The  geometry  of  the  cavity  in  experiments  of 
first  half  of  1999  was  like  this: 


The  width  of  inlet  to  cavity  and  outlet  were  50  mm.  It  was  due  to  limited  pump  capacity  of  our  pump  system.  Usually 
the  pressure  in  the  vacuum  tube  downstream  cavity  was  higher  than  the  static  pressure  in  the  cavity.  If  we  would 
increase  the  width  of  the  outlet  then  the  higher  pressure  from  the  vacuum  tube  penetrates  into  cavity  through  boundary 
layer.  But  the  edges  of  the  stream  in  the  cavity  strike  about  comers  of  outlet  and  some  portion  of  the  active  medium 
blows  into  mirrors’  tunnels  where  singlet  oxygen  is  quenched  and  may  generate  the  resonance  absorption.  Now  the 
angles  of  outlet  were  smoothed  to  prevent  the  indicated  blow  and  geometry  of  laser  duct  at  present  looks  like: 
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Mirror  tunnels 


This  modification  of  cavity  was  made  to  decrease  effect  of  mirror  purging  gas  on  main  gas  flow  also.  Unfortunately  it 
was  impossible  to  increase  the  width  of  outlet  from  cavity  because  the  pump  rate  was  not  enough  to  obtain  supersonic 
flow  in  cavity  with  wider  outlet. 


3.2.  The  gain  and  temperature  of  active  medium  of  the  COIL  with  slit 
nozzle  having  two  throats. 

The  results  of  COIL  operation  with  slit  nozzle  having  two  nozzles  were  described  in  Part  1  of  present  report.  The 
experimental  set-up  was  the  same  like  in  COIL  experiments  instead  of  cavity  modification  described  in  3.1.  The  probe 
laser  beam  double  passed  through  the  active  medium  ( the  total  gain  length  was  10  cm).  The  experimental  set-up  of  gain 
measurements  is  presented  in  fig.l.  The  optical  axis  was  located  55  mm  downstream  from  the  throat  of  slit  nozzle.  The 
height  of  cavity  was  equal  to  19  mm  at  the  position  of  optical  axis.  The  values  of  Gnp,  Gns>  Gnm  were  close  to  the  values 
early  used  for  COIL  experiments  with  slit  nozzle.  First  of  all  the  gain  was  measured  in  the  point  of  optical  axis  as  a 
function  of  iodine  molar  flow  rate.  The  next  parameters  of  scanning  were  installed:  number  of  gain  line  scans  per  second 
was  25,  averaging  of  the  gain  line  each  0.5  sec.  The  example  of  the  gain  line  scanning  presented  in  Fig.2. 
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5  sec 


Fig.2.  The  gain  line  profile.  (5  sec  Table  1). 

Several  words  about  fitting  of  data  by  Foight  function.  The  probe  laser  line  was  assumed  to  be  8-function,  base  line  was 
cubic.  The  results  of  fitting:  area  A,  Lorenz  WL  and  Gauss  WG  widths  were  assumed  the  final  parameters.  The  gas 
temperature  was  calculated  as  T=(WG/14.49)2,  the  population  inversion  was  calculated  as 
/ 12  *\ 

AN (cm-3)  =  8d - -  =4.88xlOnxA(MHZx%/cm) 

\  7  J  a34^ 

The  time  dependence  of  gain  and  temperature  is  presented  in  Table  1.  (the  time  resolution  of  Run  N.4  in  Table  3). 


Table  1. 


Time,s 

Pick  gain,  %/cm 

WG,  MHZ 

T,  K 

WL,MHz 

A(MHzx(%/cm) 

AN  (cm'3) 

2.5 

-l.i 

273 

355 

125.7 

-470 

-2.3X1015 

3 

0.384 

235 

263 

53.5 

117.8 

5.75X1014 

3.5 

239 

272 

42.8 

144 

7xl014 

4 

245 

286 

33.6 

139 

6.78X1014 

4.5 

235 

263 

47 

138 

6.73X1014 

5 

238 

270 

47 

135 

6.59X1014 

5.5 

0.44 

246 

288 

31 

130 

6.34X1014 

6 

0.44 

235 

263 

54 

135 

6.59xl014 

6.5 

0.46 

223 

237 

77 

148 

7.22X1014 

7 

0.42 

235 

263 

52 

127 

6.2xl014 

The  chlorine  stated  to  feed  JSOG  and  COIL  near  2.5  s  and  only  mechanical  vacuum  pump  worked,  then  between  2.5  and 
3  s  the  vacuum  receiver  was  opened  and  high  vacuum  pump  rate  realized,  after  7  s  the  chlorine  flow  was  switched  off. 
The  gain  line  for  time  5  s  is  presented  in  Fig.2.  The  absorption  at  t=2.5  s  is  due  to  subsonic  gas  flow  in  the  cavity,  high 
temperature  and  possibly  absorption  in  the  mirrors’  tunnels.  The  large  absolute  value  of  population  density  is  due  to  the 
high  static  pressure  in  subsonic  mode.  The  SSG  decreases  slowly  on  time.  We  explain  this  by  generation  of  water  vapor 
from  BHP  aerosols  carrying  out  from  JSOG. 

3.2.1.  The  SSG  and  temperature  as  vs.  on  gas  flow  conditions.  Probe  laser  beam  located  in  the  optical  axis  position 

rx=o.  Y=0) 

The  dependence  of  pick  gain  and  gas  temperature  on  iodine  molar  flow  rate  on  the  optical  axis  (X=0,  Y=0)  are  presented 
in  Table  2  and  Fig.3,  Fig.4..  The  gas  temperature  is  correlated  with  estimated  Mach  number  of  gas  flow:  for  higher  M 
the  temperature  is  lower.  Higher  iodine  molar  flow  Gi2>0.85  mmole/s  rate  resulted  in  subsonic  gas  flow  in  cavity  and 
negative  gain. 


Fig.4.  The  dependence  of  temperature  on  iodine  molar  flow  rate.  Black  tiangle  for  68  mmole/s  of  Cl2  molar  flow  rate 
(runs  1-4),  red  circle  for  39.2  mmole/s  of  Cl2  molar  flow  rate  (runs  5-12). 
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3.1.2.  The  dependence  of  SSG  and  temperature  on  the  position  of  the  probe  laser  beam  relatively  to  optical  axis. 

The  dependence  of  SSG  and  temperature  on  position  of  probe  beam  relative  optical  axis  is  presented  in  Table  3  and 
Fig.5,  Fig.6.  The  iodine  molar  flow  rate  in  these  runs  was  in  the  range  Gi2=0.6-h0.7  mmole/s.  This  fluctuation  of  iodine 
molar  flow  rate  resulted  in  additional  scatter  of  values  in  Fig.5  and  Fig.6.  The  SSG  increases  with  increasing  of  distance 
X  from  the  throat  of  slit  nozzle.  Thus  dissociation  of  iodine  is  not  complete  at  distances  less  than  55  from  the  throat  of 
the  nozzle.  The  point  X=0,  Y=0  is  located  in  the  wake  from  the  central  blade  of  slit  nozzle.  It’s  possible  also  that  active 
medium  in  the  turbulent  wake  with  low  SSG  mixes  with  gas  flow  from  stream  core  with  higher  SSG  and  as  result  SSG 


increases  with  raise  X. 

Table  3. 


Run 

Gc 

Gnp 

Gns 

m 

m 

m 

Gk 

X, 

mm 

Y, 

mm 

SSG, 

%/cm 

WG, 

MHz 

T,K 

M 

t,s 

1 

39.2 

72 

40 

20 

im 

13 

0.678 

0 

0 

0.551 

229 

250 

50 

1.37 

2.5 

2 

39.2 

72 

eh 

31.5 

w 

4.54 

pn 

FiTSiM 

mm 

0 

0.553 

224 

239 

■EH 

2.5 

3 

39.2 

72 

EH 

EEM 

4.7 

El 

0 

0.567 

222 

235 

ESM 

mm 

2.5 

4 

39.2 

72 

mm 

31.8 

21.3 

h m 

0.677 

0 

1‘fffVH 

EH 

IIW 

2.5 

5 

39.2 

72 

40 

32.7 

22.5 

wxm 

EX3H 

0 

ESH 

2.5 

6 

68 

123 

60 

55.4 

33.3 

6.8 

25 

EH 

0 

EE5H 

61 

1.57 

2.5 

7 

68 

123 

EIH 

Bif 

33.8 

7.1 

EH 

0 

0.504 

218 

64.7 

1.52 

E9H 

8 

68 

123 

Mf 

34.8 

6.7 

25.2 

EH 

0.449 

215 

60 

1.57 

OH 

9 

68 

123 

EH 

56.2 

34 

6.8 

in 

0.6 

0 

212 

214 

77 

1.57 

2.5 

10 

68 

123 

60 

56.4 

■tlT.HKM 

0 

211 

mom 

EEIH 

1.6 

2.5 

11 

68 

123 

60 

59.1 

6.7 

Ei£!E 

HI 

0 

209 

EH 

1.61 

2.5 

12 

68 

123 

60 

38.4 

6.7 

25.8 

0.606 

0 

I'fTIrl 

88 

2.5 

13 

68 

123 

KilSM 

35.5 

7 

25.2 

0.586 

EH 

7 

CS9 

eeh 

72 

BIKiM 

2.5 

14 

68 

123 

EH 

58.2 

36 

6.5 

26.2 

0.619 

EH 

7 

0.539 

213 

216 

64 

1.65 

2.5 

15 

68 

123 

60 

58.5 

36.3 

6.8 

26.3 

0.608 

-10 

7 

0.416 

214 

218 

48 

1.63 

3 

A 

k. 

A 

ft 

' 

4 

L 

— 5 

r~ 

_J 

L 
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Fig.5.  The  dependence  of  SSG  on  the  position  of  probe  laser  beam  relative  to  optical  axis.  The  point  X=0,Y=7  mm 

located  in  the  kernel  of  flow  from  one  throat. 
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Fig.  6.  The  dependence  of  temperature  on  position  X  of  the  probe  laser  beam  relative  optical  axis. 


3.3.  The  gain  and  temperature  of  active  medium  of  the  COIL  with  new  advanced 

nozzle  bank 

3.3.1  The  SSG  and  temperature  of  gas  flow  as  vs.  on  gas  flow  conditions  .  Probe  laser  beam  located  in  the  optical  axis 

position  (X=0,  Y=0), 

The  experimental  set-up  was  similar  to  set-up  in  3.2  but  new  nozzle  bank  described  in  Part  2  was  installed  in  COIL.  The 
optical  axis  was  located  on  64  mm  downstream  from  nozzle  bank. 

The  results  of  gain  and  temperature  measurements  for  X=0,  Y=0  are  presented  in  Table  4  and  Fig.7,8.  The  Mach  number 
of  the  flow  in  the  cavity  was  much  higher  than  for  the  slit  nozzle  system.  The  static  temperature  of  gas  flow  was  lower 
than  for  slit  nozzle  system  also.  The  Pitot  pressure  P5~90  torr  was  less  than  100  torr  pressure  obtained  in  the  laser 
experiments  (Part  2).  We  believe  that  it  was  due  modification  of  outlet  of  the  laser  cavity  and  decreasing  static  pressure 
in  the  mirrors’  tunnels  and  in  the  cavity.  The  pressure  broadening  WL  is  approximately  in  two  times  more  than  for  slit 
nozzle  system.  First  of  all  it  is  due  to  higher  static  pressure  in  the  cavity  and  lower  temperature.  The  pressure  broadening 
is  inverse  proportional  to  temperature  WL(T)=WL(300K)(300/T)  [1], 


Table  4. 


Run 

Gc 

Gnp 

Gns 

Gnm 

Pi 

m 

P3 

m 

Gl2 

SSG, 

%/cm 

WG, 

MHz 

T,K 

WL, 

MHz 

M 

t,s 

1 

39.2 

410 

11 

11 

36.6 

30.7 

87.4 

0.63 

0.49 

190 

172 

103 

3 

2 

39.2 

410 

11 

11 

37 

31 

9.5 

88.6 

0.48 

200 

191 

95 

■T-CM 

n 

3 

39.2 

410 

11 

11 

37 

31 

9.4 

86 

199 

189 

80 

2.6 

3 

4 

39.2 

410 

11 

11 

37 

31 

9.7 

71 

85 

0.53 

192 

mm ■ 

101 

2.5 

2.5 

5 

39.2 

410 

11 

11 

37.4 

31 

9.9 

77.4 

E 

0.56 

199 

mmu 

94 

2.55 

3 

6 

39.2 

■iid 

11 

11 

40 

33.6 

9 

83.3 

88 

0.41 

Da 

2.7 

mem 

7 

11 

11 

40.4 

33.9 

9.1 

84 

88 

■iff 

196 

85 

2.7 

2.5 

8 

Bl 

40.1 

33 

9.4 

EE9 

MIK« 

191 

95 

2.65 

2.5 

9 

11 

40 

33.1 

9.56 

156 

87 

0.66 

■HEM 

189 

170 

warn 

2.6 

11 

40 

33.6 

9.66 

159 

87 

KSM 

■MEM 

192 

175 

■im 

2.55 

11 

39.2 

Wfl 

11 

B9 

34 

9.9 

159 

84 

0.85 

0.48 

199 

mm 

108 

2.45 

12 

mm 

42 

11 

36.9 

30.8 

9.1 

216 

95 

0.29 

182 

158 

■if 

2.75 

ms 

mm 

11 

37.3 

31 

9.9 

226 

81 

0.39 

191 

■im 

2.45 

14 

42 

11 

34.2 

31.2 

86 

EES 

0.37 

184 

119 

2.5 

15 

42 

11 

39.7 

33 

10.2 

212 

0.5 

198 

186 

114 

2.45 

M 

16 

39.2 

410 

42 

11 

40.5 

33 

10.1 

210 

87 

0.82 

0.46 

207 

204 

93 

2.5 

17 

410 

55 

11 

39.4 

33 

9.8 

90 

0.77 

MM 

100 

2.54 

18 

410 

55 

11 

39.8 

33.1 

9.9 

91 

0.66 

mm 

97 

2.54 

mm 

19 

39.2 

410 

55 

11 

40 

33.4 

240 

91 

0.40 

192 

■MM 

Wr#m 

20 

39.2 

410 

55 

11 

39.8 

33.6 

■MM 

240 

89 

■WJM 

0.45 

■I’M 

172 

msm 

2.5  | 
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Fig.7.  The  dependence  of  SSG  on  iodine  and  secondary  nitrogen  molar  flow  rate. 


Higher  GNS  forces  to  increase  iodine  molar  flow  rate  to  achieve  the  same  value  of  SSG  for  smaller  GNS.  Let’s  consider 
SSG  for  Gns=42  mmole/s  and  Gi2=0.8  mmole/s.  The  value  of  SSG=0.45  %/cm  measured  by  probe  laser  is 
approximately  equal  to  the  value  estimated  from  Rigrod  curve  at  the  same  gas  flow  conditions  (Fig.8  in  Part2  ). 
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Fig.8.  The  dependence  of  gas  temperature  on  iodine  and  secondary  nitrogen  molar  flow  rates. 


3.3.2.  The  dependence  of  SSG  and  temperature  on  the  position  of  probe  laser  beam  relative  to  optical  axis. 

In  COIL  experiments  (Part  2)  with  new  advanced  nozzle  bank  the  Pitot  pressure  100  torr  has  been  achieved  at 
GNP=400mmole/s.  The  primary  nitrogen  molar  flow  rate  in  these  experiments  with  probe  laser  was  increased  up  to  500 
mmole/s  to  raise  the  Pitot  pressure  up  to  100  torr.  The  results  of  measurements  are  presented  in  Table  5  and  Fig.9, 
Fig.  10. 
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The  SSG  decreases  with  increase  of  distance  X  from  the  nozzle  bank.  The  SSG  is  equal  to 


g(cm  !)= 


njcx 


(Keq  +0.5)Y-0.5 


(Keq-1)Y  +  1 

where  o  is  efficient  cross  section,  ni  iodine  atoms  density,  Y  is  02(1A)  fraction,  Keq=3/4exp(402/T). 

Is  it  possible  to  explain  such  SSG  dependence  by  quenching  of  O^'A)  or  decreasing  of  Y?  The  quenching  of  02(]A)  is 
mainly  due  to  quenching  of  I(2P1/2)  by  water  ,  I2  and  N2  (highest  fraction  in  gas  flow).  The  specific  time  of  O^'A) 
quenching  (or  decreasing  of  Y)  is  approximately 


f 1  »  ( [H2Oj Kw+[N2]Kn+  [I2]Ki)x  [I]/[02], 

where  [H20]  is  water  vapor  concentration,  Kw=2xl0‘12  (T/300)05  cm3/s,  [N2]  -  nitrogen  concentration,  KN=  6.5x  10'17 
(T/300)05  cm3/s,  [I2]  molecular  iodine  concentration,  KI=  3.6x  10'"  cm3/s,  For  pressure  10  torr  and  gas  composition 
I2:H20:02:N2=0.02:  0.05  :  1  :  11,  dissociation  efficiency  50%  ([02]:[I]= 100:2)  and  temperature  190K  one  obtains 
(quenching  by  I2  excluded):  ([H20]Kw+[N2]Kn)x  [O2]/[I]=100  s'1.  This  value  of  X  corresponds  to  the  length  500  cm  for 
gas  velocity  500  m/s.  Thus  quenching  of  I*  by  H20  and  by  N2  can’t  explain  fast  drop  of  gain  along  gas  flow.  Taking 
into  account  50%  of  undissociated  iodine  resulted  in  estimation  x'^MKOx  [l]/[O2]=200  s'1.  This  quenching  also  can’t 
explain  the  drop  of  SSG  along  the  gas  flow.  Another  possible  mechanism  of  02(‘A)  losses  is  the  recombination  of  I 
atoms  in  the  presence  of  high  density  of  N2  and  reverse  dissociation  of  I2.  In  this  case  the  losses  of  02(‘  A)  is  proportional 
to  [I]  [I]  [N2]  but  can’t  explain  fast  drop  of  gain  also.  We  considered  also  gasdynamic  origin  of  gain  drop  that  is  due  to 
mirror  purging  gas  effect.  It  compress  main  flow  near  the  outlet  of  cavity  and  efficiently  decrease  the  gain  length.  But 
product  “active  lengthx[I]”  is  constant  along  gas  flow.  Thus  compressing  of  main  flow  also  can’t  explain  drop  of  SSG. 
So  at  present  we  have  not  adequate  explanation  of  SSG  drop  along  gas  flow.  Possible  the  measured  SSG  and 
temperature  dependencies  is  result  of  the  influence  of  absorbing  gas  circulated  in  the  mirror  tunnels.  It’s  necessary  to 


repeat  these  experiments  when  mirrors  tunnels  will  be  removed. 

Table  5.  _ 


R 

Gc 

Gnp 

Gns 

Gnm 

Pi 

P2 

P3 

P4 

P5 

G12 

X,m 

m 

Y,m 

m 

SSG 

,%/c 

m 

WG, 

MH 

z 

T,K 

M 

WL, 

MH 

z 

t,s 

1 

39.2 

500 

11 

30 

40.4 

33.8 

12.3 

72 

105 

0.76 

5 

0 

0.36 

186 

165 

2.5 

153 

2.5 

2 

39.2 

500 

11 

30 

39 

33.3 

12.9 

68 

111 

0.79 

0 

0 

0.45 

192 

176 

2.5 

139 

2.5 

3 

39.2 

500 

11 

30 

41 

35 

12.4 

67 

105 

0.81 

15 

0 

0.32 

222 

235 

2.5 

116 

2.5 

4 

39.2 

500 

11 

30 

39.9 

34 

12.8 

68.4 

123 

0.81 

0 

0 

0.4 

193 

177 

2.6 

135 

3 

5 

39.2 

500 

11 

30 

40.4 

34 

12.3 

69 

106 

0.81 

10 

0 

0.35 

207 

204 

2.5 

133 

2.5 

6 

39.2 

500 

11 

30 

39.8 

33 

12.3 

68.8 

106 

0.81 

0 

0 

0.44 

193 

177 

2.5 

130 

2.5 

7 

39.2 

500 

11 

30 

39.8 

33.3 

12.4 

69.4 

104 

0.82 

0 

0 

0.42 

207 

204 

2.5 

118 

2.5 

8 

39.2 

500 

11 

30 

39.3 

33 

12.4 

64.9 

117 

0.85 

-15 

0 

0.52 

195 

181 

2.6 

125 

2.5 

9 

39.2 

500 

11 

30 

40.3 

34.4 

12.1 

64.4 

108 

0.85 

0 

0 

0.51 

194 

179 

2.6 

126 

2.5 

10 

39.2 

500 

11 

30 

38.3 

32.5 

12.4 

66 

111 

0.86 

0 

0 

0.44 

194 

179 

2.5 

130 

2.5 

11 

39.2 

500 

11 

30 

40.1 

33.6 

12.1 

65 

114 

0.86 

-5 

0 

0.44 

196 

183 

2.6 

133 

2.5 

12 

39.2 

500 

11 

30 

39.2 

33.1 

13 

65.6 

119 

0.87 

-20 

0 

0.58 

177 

149 

2.6 

157 

2.5 

13 

39.2 

500 

11 

30 

39.9 

33.3 

12.4 

63.7 

114 

0.87 

5 

0 

0.43 

194 

179 

2.6 

138 

2.5 

14 

39.2 

500 

11 

30 

38.6 

32.6 

11.9 

63 

98 

0.87 

-10 

0 

0.58 

195 

181 

2.5 

118 

3 

15 

39.2 

500 

11 

30 

40 

33.9 

12.6 

63.6 

117 

0.87 

20 

0 

0.37 

189 

170 

2.6 

132 

2 

16 

39.2 

500 

11 

30 

40.5 

34.3 

12.7 

64.4 

118 

0.88 

20 

0 

0.26 

197 

185 

2.6 

138 

3 

17 

39.2 

500 

11 

30 

36 

33 

12.3 

63.4 

114 

0.88 

10 

0 

0.44 

205 

200 

2.6 

125 

2.5 

18 

39.2 

500 

11 

30 

39 

33 

12.4 

63.3 

119 

0.88 

-10 

0 

0.54 

180 

154 

2.6 

146 

2.5 

19 

39.2 

500 

11 

30 

39.3 

33.3 

12.7 

63.5 

116 

0.88 

20 

0 

0.37 

225 

241 

2.6 

92 

3 

20 

39.2 

500 

11 

30 

39.5 

33.5 

12 

64 

104 

0.89 

-20 

0 

0.58 

184 

161 

2.5 

141 

2.5 

21 

39.2 

500 

11 

30 

39.5 

33.2 

12.3 

61.3 

114 

0.89 

10 

0 

0.45 

199 

189 

2.6 

136 

2.5 

22 

39.2 

500 

11 

30 

38.6 

32.8 

11.8 

63.1 

102 

0.9 

-15 

0 

0.57 

183 

160 

2.5 

135 

3 

23 

39.2 

500 

11 

30 

38 

32 

11.7 

61.6 

95 

0.90 

-5 

0 

0.55 

173 

143 

2.4 

154 

2.5 

24 

39.2 

500 

11 

30 

40.5 

34.5 

12.6 

62 

117 

0.90 

15 

0 

0.36 

197 

185 

2.6 

142 

2.5 

25 

39.2 

500 

11 

30 

39.7 

33.5 

12.1 

61.7 

114 

0.90 

0 

0 

0.46 

200 

191 

2.6 

124 

2.5 

26  l 

39.2 

500 

11 

30 

39.5 

33.4 

12.4 

63 

115 

0.91 

5 

0 

0.47 

198 

187 

2.6 

133 

2.5 
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12.3 
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115 

0.91 
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0.48 
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135 
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28 

39.2  j 

500 

11 

30 

39.3 

33.2 

12.1 

64.5 

114 

0.92 

-10 

0 

0.47 

182 

158 

2.6 

150 

2.5 

29 

39.2 

500 

11 

30 

39.6 

33.4 

12.4 

61.6 

115 

0.92 

15 

0 

0.39 

190 
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Fig.9.  The  dependence  of  SSG  on  the  position  of  the  probe  laser  beam  relative  to  the  optical  axis  (Y=0).  (blue  sqaure 

Gi2=0.76+0.85,  red  circle-GI2=0. 86^-0.92.) 


®  80 


distance  from  optical  axis,  mm 


Fig.  10.  The  dependence  of  gas  temperature  on  the  position  of  probe  laser  beam  (Y=0). 


3.3.  The  special  run  at  subsonic  gas  flow  velocity  in  the  cavity  with  slit  nozzle. 

For  comparison  two  special  runs  with  slit  nozzle  system  were  performed.  The  gas  flow  rates  were  identical  in 
both  runs  but  in  second  run  the  vacuum  receiver  was  not  opened.  The  results  of  probe  laser  experiment  (X=0,  Y=0)  are 
presented  in  Table  6.  In  the  run  1  the  supersonic  flow  and  in  run  2  subsonic  flow. 
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Let’s  don’t  take  into  account  the  influence  of  absorption  zone  in  the  mirror  tunnels  in  both  runs  on  the  measured  value  of 
SSG  and  temperature  T.  The  SSG  is  equal  to 


(Keq+0.5)Y-0.5 

(Keq-l)Y+7~ 


In  supersonic  run  SSG>0  and  in  subsonic  run  SSG<0.  It  means  that  in  supersonic  run  (Y-  Yth)>0  and  in  subsonic  run  (Y- 
Yth)<0,  where  The  02(1A)  fraction  is  equal  to  Y=Y0-Yq-Yd,  where  Y0  is  the  initial  02(1A)  yield,  Yq 

fraction  of  02(IA)  lost  for  gas  heating  (this  value  include  the  quenching  losses  during  I2  dissociation),  Yd  is  the  02(1A) 
fraction  for  breaking  bond  of  I2  molecules  (~2  02(*A)  for  one  I2). 

It  is  also  possible  to  estimate  absolute  gas  velocities  U,  threshold  02(!A)  fraction  Yth=(l+1.5exp(402/T)) 1  in  both  cases, 
flux  of  population  inversion  GAN  =  ANxU.  (Table  7).  The  stagnation  temperature  is  T  =T  (1+0.2M2).  The  heating  of  gas  is 
due  to  quenching  of  02(1A)  (value  Yq).  The  initial  stagnation  temperature  is  estimated  as  T*0=300K  for  both  runs.  Thus 
Yq  =(  T+-  T*0)  x3.5*(Gnp+Gns+Gc  )/Gc/11340.  Here  11340K  is  02(*A)  energy  in  K  and  3.5  is  specific  heat  capacity  of  N2 
or  02.  In  both  runs  the  initial  02(1A)  fraction  was  identical  Yq.  The  Yd  is  less  than  Ydmax=2[I2]/[02]=2Gi2/Gc.  The  calculated 


values  in  Table  7. 


Table  7. 


Run 

T\K 

U,  m/s 

GAN(nimole/cm2/s) 

Y,h 

Yq 

Ydmax 

Yth+  Ya+  Ydmax 

i 

335 

440 

0.04 

0.11 

0.04 

0.03 

0.18 

2 

411 

129 

0.066 

0.2 

0.09 

0.03 

0.32 

For  obtaining  absorption  in  subsonic  gas  flow  the  initial  02(!A)  yield  Y0  should  be  <  0.32.  In  this  case  the  available 
02(!A)  fraction  in  supersonic  gas  flow  is  only  Y0-(Yth+Yq+Ydmax)=0.14.  But  COIL  lasing  experiments  (Part  2) 
demonstrated  chemical  efficiency  >20%.  It  means  that  above  simple  analysis  was  not  correct.  This  contradiction  can  be 
explained  by  effect  of  absorption  zones  in  the  mirror  tunnels.  This  absorption  should  be  much  higher  for  subsonic  gas 
flow  in  cavity  due  to  much  higher  static  pressure  in  cavity.  In  this  case  the  measured  value  of  SSG  is  the  average  value 
along  optical  axis.  The  real  absorption  length  is  higher  than  5  cm.  In  the  case  of  supersonic  gas  flow  the  absorption 
zones  in  the  mirror  tunnels  smaller  but  also  exists. 

Thus  if  one  will  take  into  account  absorption  in  mirror  tunnels  it  is  possible  to  explain  high  measured 
absorption  in  subsonic  flow  conditions.  In  the  case  of  supersonic  flow  conditions  the  real  local  gain  is  higher  than 
measured. 

We  plan  to  make  experiments  with  probe  laser  without  mirror  tunnels.  The  glass  wedge  windows  will  be  walls 
for  gas  flow  in  this  case. 
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Part  4. 

Pulsed  COIL  with  a  Transverse  dc  Discharge  Generation  of  Iodine  Atoms 

1.  Introduction 

The  chemical  oxygen  -  iodine  laser  (COIL)  is  currently  considered  as  a  promising  candidate  for 
specific  industrial  and  other  applications.  Saying  about  industrial  COIL  applications  one  usually  means  CW 
mode  of  COIL  operation.  But  for  some  applications  the  power  is  a  crucial  factor.  In  this  case  the  COIL 
pulsed  mode  may  be  more  preferable. 

Indeed,  the  pulse  mode  of  COIL  operation  allows  one  to  get  pulses  which  power  exceeds  that  for 
CW  mode.  In  any  case  the  average  power  remains  constant  and  its  value  is  governed  by  chemicals  flow  rate. 
Such  a  pulsed  COIL  can  find  application  working  individually  as  well  as  in  a  complex  with  a  CW  COIL. 
The  latter  can  be  attractive  if  an  exact  coincidence  of  wavelength  is  required. 

The  different  approaches  are  used  to  get  pulse  mode  of  COIL  operation.  It  can  be  Q-switching  or 
mode  —  locking  methods  applied  to  CW  COIL.  In  these  cases  the  active  medium  is  prepared  by  mixing  of 
singlet  oxygen  with  molecular  iodine.  Because  of  fast  relaxation  processes  it  is  impossible  to  form  the 
active  medium  of  significant  dimensions.  It  is  easily  to  show  III  that  the  ratio  of  power  of  pulse  Wpulse 
produced  due  to  methods  mentioned  above  to  that  of  cw  mode  Wcw  at  the  same  chemicals  flow  rate  has  a 
limit: 


Wpuise  /  Wcw  =  Kf  -[I]  L  /  v,  (1) 

where  Kf  is  a  rate  constant  for  forward  reaction  of  energy  exchange,  [I]  is  a  concentration  of  iodine  atoms, 
L  is  a  laser  cavity  length  in  the  flow  direction  and  v  is  a  flow  velocity.  In  experiment  the  maximal  value  of 
16  was  obtained  121. 

To  generate  a  pulse  of  power  as  high  as  possible  one  have  to  form  a  large  scale  active  medium  with 
high  energy  store  and  then  extract  the  stored  energy  in  time  as  short  as  possible.  The  forming  of  large-scale 
active  medium  requires  one  to  use  relatively  stable  gas  mixture  at  the  stage  of  filling  the  active  volume.  It 
can  be  made  using  a  mixture  of  singlet  oxygen  with  iodides,  which  doesn’t  react  practically  with  singlet 
oxygen.  After  the  stage  of  filling  the  mixture  is  exposed  to  instantaneous  action  resulting  in  release  of  free 
iodine  atoms.  The  photolysis,  electric  discharge  ,  radiolysis  can  be  used  for  iodide  decomposition.  This 
method,  called  as  volume  generation  if  iodine  atoms,  make  it  possible  to  form  a  meter  scale  active  medium. 
Being  bom  the  iodine  atoms  extract  the  energy  stored  in  singlet  oxygen  in  a  form  of  laser  emission  in  a  time 

wpulse 


wpulse  =  1  /  Kf  *[I],  (2) 

where  Kf  is  a  rate  constant  for  forward  reaction  of  energy  exchange  and  [I]  is  a  concentration  of  iodine 
atoms.  If  generation  of  iodine  atoms  doesn’t  activate  relaxation  processes  the  output  laser  energy  is 
determined  by  only  the  value  of  energy  stored  in  active  volume  and  remains  constant.  But  the  pulse  duration 
is  reciprocal  to  the  concentration  of  iodine  atoms.  Thus,  one  can  shorten  the  pulse  duration  and,  hence, 
increase  the  pulsed  power  by  increasing  the  iodine  concentration. 

When  photolysis  was  used  to  produce  iodine  atoms  the  specific  energy  of  3,3  J / 1  was  obtained  at  3 
Torr  of  oxygen  pressure,  40%  singlet  oxygen  yield  and  at  CH3I  as  an  iodide  /3/.  This  value  of  specific 
energy  corresponds  to  90%  of  extraction  efficiency  and  to  23  %  of  chemical  efficiency.  The  chemical 
efficiency  of  36  %  was  obtained  at  lower  oxygen  pressure  and,  hence,  higher  singlet  oxygen  yield.  These 
very  high  values  of  chemical  efficiency  at  rather  low  yield  were  obtained  due  to  saving  the  excited  oxygen 
molecules  being  consumed  to  dissociate  molecular  iodine  in  the  traditional  CW  COIL  The  pulse  duration 
could  be  varied  from  15  ps  to  about  500  ps  at  practically  constant  output  energy.  The  pulse  power  of  300 
kW  was  obtained  from  a  laser  with  1.4  1  of  active  volume.  Thus  the  active  medium  as  long  as  1  m  in  flow 
direction  at  singlet  oxygen  pressure  to  3  Torr  and  power  level  of  three  orders  of  magnitude  higher  that  in 
CW  mode  at  the  same  chemicals  flowrate  were  demonstrated. 


Photolysis  is  a  very  convenient  way  to  produce  iodine  atoms  due  to  its  selectivity.  Its  demerits  are 
low  efficiency  and  low  repetition  rate  of  flash  lamps  operation.  The  electric  discharge  can  provide  laser 
operation  with  multi  kilohertz  repetition  rate.  But  ab  initio  it  was  not  clear  if  electric  discharge  is  suitable  to 
decompose  iodide  and,  at  the  same  time,  not  to  quench  the  singlet  oxygen  molecules.  The  experiments 
carried  out  with  a  longitudinal  pulsed  dc  discharge  showed  the  electric  discharge  is  effective  for  this 
purpose.  The  specific  energy  of  1  J  / 1  was  obtained  at  2  Torr  of  oxygen  pressure.  The  total  efficiency  (ratio 
of  laser  output  energy  to  that  stored  in  capacity  bank)  was  close  to  100%  /4/.  The  operation  with  repetition 
rate  up  to  20  Hz  was  demonstrated.  Note,  that  repetition  rate  in  our  case  was  limited  by  the  power  of  an 
available  power  supply. 

The  value  of  specific  energy  obtained  with  electric  discharge  initiation  is  at  a  disadvantage  in 
relation  to  that  obtained  with  photolysis.  The  possible  causes  of  this  difference  could  be  the  quenching  of 
singlet  oxygen  by  electrons  and  particle  fragments  as  well  as  heating  of  active  medium  due  to  increased 
energy  cost  of  iodine  atoms  produced  by  discharge.  The  energy  of  UV  quantum  causing  the  iodide  molecule 
dissociation  is  5  eV.  Assuming  the  total  energy  stored  in  capacitor  bank  is  deposited  into  active  medium  one 
can  estimate  the  energy  cost  of  iodine  atom  produced  by  discharge  is  as  large  as  25  eV. 

The  promising  results  obtained  with  the  longitudinal  pulsed  COIL  with  volume  generation  of 
atomic  iodine  by  using  a  dc  discharge  encouraged  us  to  start  an  investigation  of  a  transverse  discharge 
excitation.  This  type  of  discharge  make  it  possible  to  work  with  higher  pressure  of  singlet  oxygen  provided 
by  modem  jet  singlet  oxygen  generator.  Besides,  it  was  found  that  repetitively  pulsed  operation  of 
longitudinal  COIL  worsens  when  repetition  rate  increases.  This  is  a  result  of  vaporization  of  iodine 
deposited  on  the  wall  of  laser  chamber.  One  can  decrease  this  effect  by  minimizing  the  ratio  of  surface  of 
laser  chamber  to  its  volume.  It  can  be  made  when  transverse  flow  transverse  discharge  is  used. 

But  change  over  to  the  transverse  discharge  configuration  meets  problems.  The  first  one  is  an 
acceptable  matching  of  transverse  discharge  to  power  supply  circuit.  It  is  known  that  the  best  energy 
transfer  from  power  supply  to  the  load  is  obtained  when  the  load  resistance  is  equal  to  that  of  power  supply. 
Unlike  the  longitudinal  discharge  the  transverse  one  has  usually  significantly  shorter  discharge  gap  at  larger 
area  of  discharge  cross  -section. 

The  resistance  of  the  discharge  is  proportional  to  its  length  and  reciprocal  of  its  cross  section. 

Thus,  shortening  the  length  of  discharge  gap  by  a  factor  of  n  one  have  to  increase  the  cross  section  by  the 
same  factor  to  save  the  active  volume.  As  a  result  the  resistance  of  discharge  reduces  by  a  factor  of  1/n2.  To 
save  the  electric  field  strength  one  has  to  decrease  the  voltage  across  a  discharge  gap  by  a  factor  1/n  too. 

The  latter  requires  one  to  increase  the  capacitance  by  a  factor  of  n2  to  save  the  energy  deposition  into  active 
medium.  In  its  turn  the  change  of  capacitance  results  in  decreasing  the  circuit  resistance  by  a  factor  1/n. 

(The  inductances  for  both  longitudinal  and  transverse  discharges  are  assumed  to  be  equal).  Thus,  one  can 
see  that  discharge  gap  resistance  changes  proportionally  to  1/n2  while  that  for  circuit  is  proportional  to  1/n. 
This  difference  results  in  impedance  mismatch. 

The  another  problem  can  be  essential  when  operation  pressure  and  discharge  gap  are  small.  In  this 
case  the  length  of  cathode  fall  of  voltage  can  occupy  the  major  part  of  active  volume  thus  shortening  the 
area  of  positive  column  in  which  the  processes  governing  the  laser  operation  occur. 


2.  Experimental  technique. 

At  present  the  different  approaches  are  used  to  provide  the  transverse  electric  discharge  to  drive 
the  gas  lasers  with  high  operation  pressure  (CO2  -  lasers,  eximer  lasers).  Practically  all  of  them  use  the 
preionization  with  electron  beam  or  photoionization.  To  produce  the  latter  the  array  of  spark  gaps,  barrier 
discharge  or  surface  discharge  is  used.  Recently  the  great  success  was  obtained  in  initiation  of  nonchain  HF 
-  laser  151  using  a  system  of  electrodes  with  high  edge  nonuniformity  and  without  any  preionization.  The 
uniform  self-sustained  volume  discharge  was  obtained  in  a  mixture  of  SF6  with  hydrocarbons  C2H6  at  total 
pressure  of  60  Torr  and  the  component  ratio  SF6  :  C2H6  =  20  :  1.  The  active  volume  of  laser  chamber  was  as 
large  as  50 1  at  the  length  of  electrodes  gap  27  cm.  The  simple  flat  electrodes  with  rounding  along  its 
perimeter  were  used.  The  mechanism  of  formation  of  a  uniform  volume  discharge  proposed  by  authors 
allowed  us  to  hope  to  obtain  similar  results  in  the  case  of  pulsed  COIL  active  medium.  Indeed,  like  that  in 
HF  -  laser,  the  COIL  active  medium  contains  the  electronegative  component  -  oxygen  and  easy  to 
ionization  component  -  RI.  Note,  that  ionization  potentials  for  both  CH3I  -  9.5  eV  and  for  CF3I  -  10,2  eV 


are  the  less  that  for  C2H6.  Besides,  the  less  pressure  of  the  COIL  active  medium  seemed  to  be  positive  to 
obtain  the  uniform  discharge. 

Two  laser  chambers  with  electrodes  system  mentioned  above  were  designed  and  manufactured. 
The  first  one  has  50  cm  gain  length  and  4  cm  discharge  gap  (fig.l)  The  active  volume  of  this  chamber  is 
800  cm3.  This  laser  chamber  is  integrated  with  laser  facility  providing  the  operation  with  chlorine  flowrate 
up  to  100  mmole  /  s  and  pumping  capacity  to  1500  1  /  s.  Thus,  one  can  expect  the  maximal  repetition  rate  to 
over  1  kHz. 

Both  electrodes  were  made  of  flat  aluminum  plates  rounded  along  their  perimeters.  The  cathode 
surface  was  subjected  to  sand-blasting. 

All  attempts  to  get  a  uniform  discharge  with  this  electrode  system  were  unsuccessful.  The 
nonuniformity  increased  drastically  when  iodide  was  added  to  oxygen.  No  lasing  was  detected  within  wide 
range  of  variation  of  electrical  circuit  parameters.  To  improve  the  discharge  uniformity  the  electrode  system 
was  modified.  The  flat  cathode  was  substituted  for  electrode  with  a  surface  discharge.  The  array  of  plasma 
channels  produced  across  its  surface  served  as  a  plasma  cathode.  Such  a  cathode  reduces  the  role  of 
negative  effects  in  the  zone  of  cathode  voltage  fall.  Besides,  the  VUV  radiation  of  plasma  channels  causes 
the  preionization  of  discharge  gap.  As  a  result,  the  uniform  discharges  were  obtained  in  the  zones  where  the 
plasma  channels  existed.  Thus  the  task  was  reduced  to  receiving  the  total  filling  the  cathode  surface  with  a 
plasma  channels.  This  work  is  now  in  progress. 

The  second  laser  chamber  was  designed  to  work  in  combination  with  a  jet  singlet  oxygen  generator 
(fig.  2).  It  has  5  cm  gain  length  and  2  cm  electrode  gap  and  in  its  first  version  it  was  equipped  with  a  simple 
system  of  electrodes.  Like  that  for  the  50  cm  laser  chamber  all  attempts  to  obtain  the  uniform  discharge 
were  unsuccessful  too. 

In  spite  our  experiments  with  simple  electrode  system  without  preionization  were  unsuccessful  we 
believe  this  approach  can  be  useful  for  future  experiments  at  higher  pressure  and  longer  electrode  gaps.  Up 
to  now  the  simple  flat  cathode  was  substituted  for  resistively  loaded  multi  pin  one.  The  satisfactory  uniform 
discharge  was  obtained  in  recent  experiments.  This  substitution  was  made  on  the  base  of  results  obtained 
with  a  19-cm  gain  length  laser  chamber  equipped  with  multi  pin  resistively  loaded  cathode.  All  results 
presented  below  on  the  pulsed  COIL  with  generation  of  iodine  atoms  by  using  a  transverse  discharge  were 
obtained  with  this  laser  chamber. 

The  experimental  facility  (fig.3)  included  the  chemical  singlet  oxygen  generator,  gas  handling 
system,  pumping  system,  discharge  power  supply,  optical  chamber,  laser  chamber,  control  system.  The 
quartz  cylinder  sparger  singlet  oxygen  generator  had  140-mm  diameter  and  230  mm  height.  It  was  packed 
with  Rashig  rings  (12xl2xl.5mm)  made  of  Teflon.  The  height  of  packing  was  130  mm.  The  typical  working 
solution  was  prepared  by  mixing  750  ml  of  50%  hydrogen  peroxide  with  400  ml  of  50  %  KOH.  The  start 
temperature  of  working  solution  in  SOG  was  close  to  —  20°  C.  Typically,  the  duration  of  a  run  was  as  long 
as  10  -  20  sec  and  then  it  was  followed  with  a  period  of  cooling  the  working  solution.  The  gas  from  SOG 
was  transported  to  the  laser  cavity  through  a  quartz  tube  of  50-mm  o.d.  The  pressure  guide,  iodide  injector 
and  optical  chamber  inlet  were  located  500  mm,  640  mm  and  800  mm  downstream  of  SOG,  respectively. 
The  iodide  injector  was  perforated  torus  made  of  Teflon.  The  gas  flow  entering  the  optical  chamber 
branched  into  two  arms  ended  with  outlets  to  pumping  system  and  cavity  mirrors  holders.  The  total  length 
of  optical  chamber  was  1600  mm  and  it  was  equal  to  the  length  of  the  laser  resonator  when  internal  mirrors 
were  used.  Previously  this  optical  chamber  was  used  as  a  laser  cell  of  the  pulsed  COIL  with  longitudinal 
geometry.  In  the  present  work  the  19-cm  gain  length  laser  cell  was  inserted  into  the  one  of  the  arms  of 
optical  chamber. 

The  laser  chamber  was  equipped  with  electrodes,  1.8  cm  apart,  providing  the  transverse  discharge 
with  respect  to  the  flow  direction.  It  had  19-cm  length  cathode  with  120  pins  arranged  in  three  lines.  The 
active  volume  was  52  cm3.  The  electric  circuit  (Fig.4)  was  fed  with  a  positive  high  voltage  from  a  power 
supply  with  a  buffer  capacitor  Q.  The  discharge  capacitor  C2  could  be  varied  within  3.4  nF....20.4  nF  by 
variation  of  the  number  of  capacitor  of  3.4  nF.  The  electric  discharge  was  triggered  by  the  pulse  generated 
with  a  generator  S  and  applied  to  the  grid  of  thyratron  TGI1-  16  /  500.This  thyratron  provided  the  circuit 
operation  with  a  voltage  up  to  18  kV  (little  over  its  passport  limit).  In  its  turn  the  pulse  generator  PG  drove 
the  triggering  generator  S.  The  duration  of  discharge  was  close  to  200  ns. 

Molecular  chlorine  was  fed  through  the  leaker  and  electromagnetic  valve  from  a  5 -liter  volume 
flexible  polyethylene  bag  filled  from  a  standard  cylinder  with  liquid  chlorine.  The  application  of  a  flexible 
bag  made  it  possible  to  sustain  the  input  pressure  to  be  equal  to  atmospheric  one  and  thus  to  stabilize  the 


chlorine  flowrate.  Iodides  were  fed  through  the  leaker  and  electromagnetic  valve  too.  CH3I  delivered  from  a 
stainless  steel  vessel  of  8-1  volume  charged  with  100  ml  of  liquid  iodide.  CF3I  was  fed  from  small  volume 
cylinder.  When  used  the  buffer  gases  (He,  N2,  Ar,  SF6)  were  injected  into  the  chlorine  flow  upstream  of 
SOG.  This  way  made  it  possible  to  reduce  the  chlorine  partial  pressure  in  SOG  and  thus  increase  the  singlet 
oxygen  yield  at  high  buffer  gas  flowrate. 

The  laser  emission  was  detected  with  Ge-  photodiode  equipped  with  averaging  sphere.  Laser 
emission  was  focused  on  the  hole  of  this  sphere.  The  signal  from  detector  was  monitored  with  oscilloscope 
and  then  recorded  with  a  digital  camera.  The  output  energy  was  measured  with  a  calorimeter.  The  losses  of 
energy  in  the  elements  of  optical  system  were  taken  into  account. 

3.  Results  and  discussion. 

The  investigation  of  pulsed  COIL  with  generation  of  iodine  atoms  in  the  pulsed  DC  discharge  was 
performed  in  Troitsk  in  accordance  with  Item  2.  The  influence  of  discharge  energy,  discharge  voltage, 
oxygen  pressure,  sort  and  pressure  of  buffer  gas  on  laser  parameters  was  investigated. 

All  experiments  were  performed  with  laser  cavity  formed  with  totally  reflecting  mirror  and  output 
one  with  4.5  %  transmission.  This  value  of  transmission  was  chosen  on  the  base  of  preliminary  experiments 
on  resonator  optimization.  Pump  capacity  was  80  1  /  s.  It  is  not  the  limit  for  our  pumping  system,  but  such  a 
medium  pumping  made  it  possible  to  increase  the  run  duration  without  refilling  the  SOG. 

Specification: 

P02  -  oxygen  pressure  in  laser  chamber 

PHe  -  helium  pressure 

PAr  -  argon  pressure 

PN2  -  nitrogen  pressure 

PSF6  -  sulfur  hexafluoride  pressure 

Prj  ~  iodide  pressure 

E  out  -  output  laser  energy 

C2  -  discharge  bank  capacitance 

V  -  capacitor  bank  voltage 

Eel  -  energy  stored  in  capacitor  bank 
X1/2  -  pulse  duration 

Tdei  -  delay  time  between  discharge  and  lasing  start 
e  -  specific  energy  (E  out  /  52  cm3) 

I  -  intensity  of  singlet  oxygen  luminescence 
(r)  =  I  /  P02 )-  relative  yield 

3.1.  Oxygen  pressure. 

Experimental  conditions: 

C2  =  13.6  nF 

V  =  18  kV 
Eel  =4.41 

Buffer  gas  -  nitrogen,  PN2  =  9  ton- 

iodide  -  CH3I,  Prj  =  0.5  ton 

The  matrix  of  experiments  is  presented  in  Table  1. 


Table! 


P02.TOIT 

Eout,  ml 

r|,  arb.  u 

e,mJ/cm3 

^1/2.  M-S 

■n 

6.5 

18 

30 

10.6 

5 

1.0 

33 

25 

0.63 

11.3 

5 

1.6 

42 

23 

0.81 

10.8 

5 

2.0 

47 

22 

0.9 

12.6 

5 

3.0 

40 

20 

0.76 

9 

4 

One  can  see  the  variation  of  oxygen  pressure  results  practically  in  only  variation  of  the  output 
energy  value.  Pulse  duration  and  time  delay  remains  constant  within  the  limit  of  error  (about  1  ps,  the 
thickness  of  the  oscilloscope  beam)  (Fig.  5).  It  means  the  iodide  concentration  remains  constant  for  all 
oxygen  pressures.  Thus  the  energy  deposition  into  active  medium  is  governed  mainly  by  buffer  gas  that 
pressure  is  in  excess  of  that  for  oxygen. 

Unlike  the  theoretical  predictions  the  output  energy  doesn’t  increase  linearly  with  oxygen  pressure 
but  has  a  maximum  (Fig.  6).  The  reason  of  such  a  behavior  is  a  drop  of  singlet  oxygen  yield  when  oxygen 
pressure  increases.  Such  a  drop  is  critical  for  sparger  type  singlet  oxygen  generator,  and  it  practically 
negligible  for  jet  one  (at  least  within  the  pressure  range  investigated).  Thus  one  can  expect  an  appreciable 
increase  of  output  energy  working  with  jet  SOG  instead  of  sparger  one.  In  this  case  the  improvement  of 
laser  performance  is  due  to  increase  of  both  the  oxygen  operation  pressure  and  singlet  oxygen  yield.  In  our 
experiments  the  yield  value  doesn’t  exceed  40  %  at  pumping  capacity  80 1  /  s 

Nevertheless,  the  value  0.9  J  / 1  of  specific  energy  obtained  is  at  a  slight  disadvantage  in  relation  to 
longitudinal  discharge.  At  the  same  time  the  pulse  duration  is  much  shorter.  Note,  the  visual  observation  of 
discharge  shows  its  nonuniformity.  Thus  one  can  expect  the  increasing  of  specific  energy  under 
improvement  of  discharge  uniformity. 

3.2.  Sort  and  partial  pressure  of  iodide. 

Experimental  conditions: 

C2  =  13.6  nF 
V  =  18  kV 
Eei  =4.41 
P02  =1.0  torr 

Buffer  gas  -  nitrogen,  PN2  =  9  torr 

The  matrix  of  experiments  is  presented  in  Table  2 


Table  2 


Pri,  torr 

Eout>  mJ 

*1/2,  MS 

*del>  MS 

[I],  1014  cm'3 

[I]  /  [RI] 

ch3i 

0.2 

28 

16 

9 

8 

0.12 

0.4 

36 

12 

5 

10.6 

0.08 

0.6 

37 

9 

4 

14 

0.7 

37 

9 

4 

14 

0.06 

CF3I 

0.2 

18 

17 

9 

7.5 

0.12 

0.4 

24 

13 

5 

10 

0.08 

29 

9 

4 

14 

0.07 

0.8 

29 

8 

3 

16 

0.06 

1.0 

30 

7,5 

3 

17 

0.05 

1.5 

33 

7 

2 

18 

0.04 

Low  saturation  pressure  of  CH3I  vapor  limited  the  range  of  Prj  variation. 

The  results  obtained  show  the  both  iodides  produce  iodine  atoms  with  the  same  effectiveness.  It  results  in 
practically  identical  time  parameters  of  laser  pulses  obtained  at  the  equal  iodide  pressures  (Fig.7).  The  value 
of  iodine  atom  concentration  [I]  and  ratio  of  this  value  to  the  corresponding  iodide  molecules  one  is 
presented  in  the  Table  2  too.  The  latter  is  a  level  of  iodide  dissociation.  The  iodine  atom  concentrations 
were  evaluated  from  equation  (2)  using  experimental  data  on  pulse  duration.  Note  that  iodine  atom 
concentration  of  1.8xl015  cm"3  is  close  to  the  highest  value  reported  for  COIL  operation  of  both  CW  and 
pulsed  modes. 

Thus,  the  increase  in  iodide  partial  pressure  is  a  fruitful  way  to  shorten  the  pulse  duration.  When  laser 
operates  much  over  threshold  the  output  energy  changes  slightly  (Fig.  8). 


Like  that  for  the  case  of  photoinitiation  the  output  energy  depends  in  the  same  manner  on  the  sort 
of  iodide  used.  The  CH3I  appears  to  be  more  effective  iodine  donor  (Fig.8).  It  was  shown  161  that  the  cause 
of  such  a  difference  is  a  fast  quenching  of  singlet  oxygen  by  R02  molecules  (R  is  a  radical  CH3  or  CF3 ) 
formed  after  iodide  dissociation  But  in  the  case  of  discharge  the  output  energies  obtained  for  these  two 
iodides  differ  by  only  15  %  against  that  of  about  50  %  for  photolysis.  It  can  be  a  result  of  more  short  pulse 
duration. 

One  can  see  the  level  of  dissociation  drops  when  iodide  concentration  increases.  As  soon  as 
iodide  molecules  dissociate  in  a  process  of  dissociative  attachment  the  drop  of  dissociation  level  can  be 
result  of  deficit  of  electrons  in  active  medium.  This  deficit  can  be  eliminated  due  to  higher  voltage  or 
discharge  energy.  Indeed,  this  effect  was  observed  (see  below). 

3.3.  Voltage  and  bank  capacitance. 

Experimental  conditions: 

P02  =1.0  torr 

Buffer  gas  -  nitrogen,  PN2  =  9  ton- 

iodide  -  CF3I,  Pri  =1.5  ton 

The  matrix  of  experiments  is  presented  in  Table  3 


Table  3. 


U,kV 

E0„t,  mJ 

Xl/2,  MS 

^deb 

C2  =  6.8nF 

10 

0.68 

19 

- 

- 

10 

0.68 

20 

- 

- 

15 

1.53 

28 

- 

- 

■ 

2.20 

M 

10 

_ m _ 

■ 

203 

C2  =  20.4  nF 

0 

■ 

B 

1 

16 

. 

15 

4.59 

28 

7 

i 

18 

306 

1 

St 

1 

29. 

111 

'  | 

wm  m 

■■  BU 

!  C2  =  3.4  nF 

10 

0.34 

1.2 

- 

24 

- 

15 

0.76 

13 

17 

8 

7 

130 

18 

1.10 

17 

16 

5 

8 

162 

C2=  13.6  nF 

10 

1.36 

28 

10 

4 

13 

125 

15 

3.06 

31 

7.5 

2.5 

17 

216 

18 

4.40 

33 

1 

2.5 

i§8 

293 

The  variation  of  voltage  at  constant  bank  capacitance  results  in  only  variation  of  stored  energy 
while,  besides  that,  variation  of  C2  changes  the  matching  of  discharge  to  circuit.  In  our  case  this  effect  is  not 
so  important.  It  seems  the  range  of  variation  of  voltage  and  capacitance  investigated  is  too  small  to 
understand  what  parameter  of  discharge  circuit  is  a  critical  one.  The  results  obtained  show  the  stored  energy 
is  a  critical  factor  governing  the  value  of  output  energy  and  time  parameters  within  the  range  investigated. 

The  values  of  energy  cost  of  iodine  atom  presented  in  Table  3  seem  to  be  very  large.  These  values 
are  relative  one.  The  real  values  of  energy  cost  can  be  obtained  if  energy  deposition  into  active  medium  is 
known.  In  its  turn  energy  deposition  is  determined  as  a  product  of  discharge  current  by  voltage  drop  across 
the  discharge  gap.  The  apparatus  to  measure  these  parameters  is  now  under  manufacturing. 

It  was  mentioned  above  the  shortening  of  laser  pulse  can  be  obtained  due  to  iodide  pressure 
increase  as  well  as  to  discharge  energy  increase.  Indeed,  one  can  see,  the  shortest  pulse  duration  of  6.5  jos 
(Fig.9)  was  obtained  at  iodide  pressure  1.5  torr  and  6.6  J  of  energy  store  in  capacitor  bank. 

3.4.  Buffer  gas. 

Experimental  conditions: 


Table4 


C2=  13.6  nF 
P02  =10  torr 

Iodide  -  CH3I,  Prj  =0.5  torr 

The  matrix  of  experiments  is  presented  in  Table  4 


Unlike  that  for  pulsed  COIL  with  photolysis  the  role  of  buffer  gas  in  a  discharge  initiated  laser  is 
more  complex.  In  this  case  buffer  gas  not  only  increases  the  heat  capacity  of  active  medium  but  change  the 
parameters  of  discharge  plasma.  In  particular,  the  increase  of  operation  pressure  due  to  buffer  gas  make  it 
possible  to  increase  the  discharge  resistance  and  thus  improve  the  energy  deposition  into  active  medium. 
Indeed,  one  can  see  from  table  4,  the  higher  buffer  gas  pressure  results  in  shortening  of  both  pulse  duration 
and  time  delay.  As  it  was  shown  above,  both  these  effects  are  governed  by  mainly  iodine  atom 
concentration  in  active  medium. 


The  efficiency  of  buffer  gas  depends  on  its  sort.  Fig  10  demonstrates  the  dependence  of  output 
energy  on  buffer  gas  partial  pressure  for  V  =  15  kV.  One  can  see  the  buffer  gas  heat  capacity  is  not  the  only 
parameter  governing  the  laser  performance.  Indeed,  helium  and  argon  having  the  same  heat  capacity  result 
in  different  output  energy.  It  is  positive  that  cheap  nitrogen  is  not  at  a  disadvantage  in  relation  to  expensive 
helium. 

The  high  efficiency  of  SF6  seems  to  be  very  promising.  It  is  known  that  SF6  dissociates  in  a 
discharge,  forming  free  fluorine  atoms  F.  Thus  one  has  opportunity  to  use  chemical  generation  of  iodine 
atoms.  When  HI  or  DI  is  used  as  an  iodine  atom  donor  free  fluorine  atoms  can  react  with  iodide  forming 
free  iodine  atoms  /7/. 

F  +  HI(DI)  — >  I  +  HF(DF)  (3) 

Thus,  high  concentration  of  iodine  atoms  can  be  obtained  due  to  increase  of  SF6  partial  pressure  instead  of 
iodide  one.  Besides,  this  way  allows  one  to  reduce  the  expenses  for  laser  operation. 

Unfortunately,  our  facility  didn’t  allowed  us  to  increase  SF6  pressure  over  7  torr.  Because  of 
insufficient  conductivity  of  our  pipe  line  and  high  SF6  viscosity  the  input  pressure  over  1  atm  was  required 
to  provide  necessary  SF6  flowrate.  But  this  high  pressure  blocked  the  chlorine  flow  driven  by  atmospheric 
pressure  pressing  the  chlorine  bag. 

.4.  Conclusion. 

Investigation  of  the  pulsed  COIL  with  volume  generation  of  iodine  atoms  using  a  transverse  DC 
discharge  was  performed.  The  influence  of  oxygen  pressure,  iodide  sort  and  pressure,  discharge  energy, 
sort  and  pressure  of  buffer  gas  on  the  output  energy  and  time  parameters  of  the  laser  pulse  was  studied.  The 
aim  of  investigation  was  to  search  for  the  ways  making  it  possible  to  generate  a  laser  pulse  as  powerful  as 
possible.  It  was  shown  the  increase  of  oxygen  pressure  and  singlet  oxygen  yield  resulted  in  output  energy 
growth  at  conserved  pulse  duration.  At  the  same  time  increase  of  both  iodide  concentration  and  discharge 
energy  resulted  in  growth  of  iodine  atom  concentration  and  thus  in  shortening  of  the  pulse  duration.  The 
pulse  duration  of  6.5  jas  is  reported.  This  value  corresponds  to  the  iodine  atom  concentration  close  to  the 
highest  one  reported  for  the  COIL  of  both  CW  and  pulsed  type. 

Following  this  way  one  can  produce  the  iodine  atom  concentration  close  to  that  of  singlet  oxygen. 
In  this  case  the  significant  fraction  of  energy  is  stored  in  iodine  atoms.  If  Q-modulation  method  is  applied 
this  energy  can  be  extracted  in  a  form  of  nanosecond  scale  pulse. 

Specific  energy  of  0.9  J  / 1,  that  is  close  to  that  obtained  with  longitudinal  discharge,  and  specific 
power  of  75  kW  / 1  was  obtained.  The  ways  to  increase  these  values  were  proposed. 

Hexafluoride  was  shown  to  be  a  very  promising  buffer  gas.  Having  rather  high  heat  capacity  this 
gas  generates  fluorine  atoms  when  exposed  to  discharge.  Thus,  application  of  this  buffer  gas  make  it 
possible  to  use  chemical  generation  of  iodine  atoms  via  reaction  of  fluorine  atoms  with  HI  or  DI  used  as 
iodine  donor. 
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Part  5 

The  study  of  production  iodine  atoms  from  CH3I  in  RF  discharge. 

The  volume  production  of  iodine  atoms  using  transverse  RF  discharge  in  the  mixture  of  a 
iodide  (RI)  with  singlet  oxygen  is  very  attractive  method  for  creation  active  medium  for  the 
Q-switched  COIL.  The  existing  RF  power  supply  with  the  next  output  parameters  has  been 
modified  for  realization  such  possibility: 


CW  power  1.5  kW, 

frequency  16MHz, 

CW  maximal  voltage  8.5  kV, 

pulse  duration  variable, 

pulse  repetition  frequency  1kHz 


Peak  pulse  power  at  pulse  duration  about  10  jxs  exceeded  CW  power  in  several  times  only. 
The  major  problem  of  this  investigation  consists  in  the  determination  of  the  iodide 
dissociation  efficiency.  There  are  two  methods: 

1)  to  use  COIL  lasing; 

2)  to  use  probe  laser  for  the  measurement  iodine  atom  concentration. 

The  first  method  means  the  work  in  the  dark  conditions  without  any  information  about 
iodine  atom  concentration,  if  lasing  is  absent.  Second  method  can’t  be  used  at  the  conditions 
of  the  pulse  repetition  mode  of  the  supersonic  COIL.  Requested  pulse  duration  is 
x  <  O.lLgain/Ugas  ~  10  ps  because  the  period  of  the  probe  laser  frequency  scanning 
TScan  =  40ms  »x.  Taking  into  account  these  circumstances  the  efficiency  of  iodine  atoms 
generation  is  studied  at  CW  mode  of  RF  discharge  and  subsonic  flow.  Conditions  of  the 
subsonic  flow  give  possibility  to  increase  the  interaction  of  gas  with  plasma  of  RF  discharge 
and  to  reach  more  higher  iodine  concentration  from  one  hand  and  to  use  smaller  iodide  flow 
rates  at  the  requested  iodide  partial  pressures.  The  typical  portion  of  the  dissociated  iodide  in 
the  axial  flow  pulse  repetition  COIL  with  DC  discharge  equal  to  approximately  (1+3)% 
because  iodide  and  chlorine  flow  rates  are  close  with  each  other.  This  means  that  the 
obtaining  the  requested  iodide  partial  pressure  in  the  subsonic  mode  operation  is  possible  at 
significantly  less  iodide  molar  flow  rate  than  at  supersonic  mode.  The  special  discharge 
chamber  has  been  manufactured.  The  electrodes  with  square  6x6  cm  have  been  manufactured 
from  the  glass  plastic  with  copper  cover.  The  thickness  of  the  glass  plastic  plates  was  1.5mm. 
The  distance  between  these  the  glass  plastic  plates  equal  to  30  mm.  The  Plexiglas  nozzles’ 
blades  with  thickness  5  mm  were  inserted  in  the  discharge  chamber  forming  the  gap  of 
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20mm.  The  nitrogen  and  then  argon  were  used  as  carriers  iodide  molecules.  At  first  the 
nitrogen  molar  flow  rate  was  20  mmole/s,  iodide  flow  rate  (CH3J)  -  4.3  mmole/sec,  the  static 
pressure  in  the  discharge  chamber  without  discharge  was  3.2  torr  and  increased  up  to  3 .4+3.9 
torr  when  the  discharge  was  switched  in.  The  current,  voltage  and  the  phase  shift  between  its 
were  measured  .  The  input  power  in  the  gap  was  calculated  and  was  changed  in  the  limits 
150W  +  1500W  but  we  could  not  say  exactly  what  portion  of  this  power  is  power  input  in  the 
gas  flow  because  the  resistance  of  plastic  glass  plates  and  nozzle’s  blades  is  unknown.  The 
voltage  was  varied  from  2  to  8.2  kV.  The  discharge  was  homogeneous.  The  probe  laser  beam 
was  used  for  determination  of  the  iodine  atoms’  absorption  which  appeared  at  input  power 
more  250  W.  The  probe  laser  beam  was  located  in  the  center  of  discharge  chamber.  The 
absorption  value  had  weak  dependence  on  the  input  power  in  the  limits  (250  +  1500)  W  and 
was  2aL=(0.35  +0.5)%  although  the  line  width  changed  from  250MHz  to  285  MHz.  At 
increasing  twice  nitrogen  flow  rates  and  static  pressure  in  the  discharge  gap  the  absorption 
value  equaled  to  0,4%  at  maximal  possible  input  power.  The  typical  best  absorption  lines  are 
presented  in  fig.l+fig.4  and  experimental  conditions  -  in  the  Table  1.  The  change  nitrogen  on 
argon  at  the  same  flow  rate  resulted  in  the  decreasing  of  the  absorption  value.  The  maximal 
absorption  0.3%  was  reached  in  one  run  only.  The  reached  maximal  iodide  dissociation 
efficiency  is  one  order  of  magnitude  less  than  the  requested  one  for  successful  COIL 
operation.  It’s  worth  nothing  that  the  discharge  gap  constitutes  close  to  reactive  load  and  the 
phase  shift  between  voltage  and  current  differs  from  90°  on  small  value.  It  means  bad 
impedance  match  power  supply  and  load.  It’s  necessary  to  develop  the  special  RF  power 
supply  with  high  peak  pulse  power  and  small  impedance.  Decreasing  the  static  pressure  and 
increasing  voltage  for  raising  discharge  parameter  (E/Pcavity)  had  not  sense  because  low  static 
pressure  has  not  interest  but  large  voltage  is  very  danger  at  real  COIL  operation  conditions 
when  BHP  aerosol  may  provide  the  conductivity  the  duct  walls.  The  further  investigation  of 
this  method  for  production  of  iodine  atoms  were  stopped. 


Table! 


McH3I, 

mmole/s 

Mn2, 

mmole/s 

Pcavity?  tOIT 

U,  kV 

I,A 

Wdisch,  W 

a,  %/cm 

4.3 

20 

3.4 

5.5 

2 

525 

0.0437 

4.3 

3.4 

5.9 

2.5 

840 

0.0494 

4.3 

39 

6.56 

2.5 

1350 

0.0405 

4.3 

40 

6.6 

2.5 

1500 

0.04 

Fig.  2 
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November  4  Run  8  Sec  8 


Source  File:  RUN8INV  Data  Set:  RUN8INV.F  Date:00 
ChiA2=4,917362405E-5  COD=0,7192  #of  Data  Points=450 

SS=0,02183308908 _ Coir  Coef=0, 84806  Degree  of  Frecdom=444 


EadJ  Peak  Tvae  AraaRtT  fWHM  MaxHetaM  CantwOrvtv  AreaRtTP 

1  Voigt  13.95317  285.5805  0.04051  1825.89473  100 


BaseLine:  Line 

Fig.3 

November  4  Run  9  sec  8 


Fig.  4 
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Part  2. 

An  efficient  supersonic  COIL  with  more  than  200  torr  of  the  total 

pressure  in  the  active  medium. 


Abstract 

The  new  nozzle  concept  was  suggested  and  tested  for  chemical  oxygen-iodine  laser  (COIL).  The  nozzle  bank 
consists  of  the  array  of  cylindrical  nozzles  for  pure  N2  flow,  slit  nozzles  for  02(!  A)  flow.  The  N2+I2  jets  are  injected  into 
turbulent  wakes  between  oxygen  and  N2  streams  through  small  cylindrical  orifices.  The  LIF  was  used  for  the 
visualization  of  the  iodine  mixing  efficiency  in  the  mixing  chamber.  It  was  found  practically  uniform  distribution  of 
iodine  molecules  in  the  supersonic  flow  on  the  distance  about  60  mm  downstream  nozzle  bank.  The  COIL  experiments 
were  performed  with  this  nozzle  bank  and  at  5  cm  gain  length  COIL  cavity.  The  output  power  700  W  or  chemical 
efficiency  19.7%  have  been  achieved  for  the  chlorine  molar  flow  rate  39.2  mmole/s.  Simultaneously  the  static  pressure 
10.9  torr  in  laser  cavity  and  pressure  100  torr  in  Pitot  tube  have  been  achieved.  The  estimated  Mach  number  of  the  flow 
was  equaled  to  2.6  and  total  pressure  in  the  laser  cavity  was  equaled  to  218  torr.  High  dilution  of  the  oxygen  by  nitrogen 
1:11  results  in  small  growth  of  the  stagnation  temperature  of  the  gas  flow  and  creates  good  conditions  for  the  pressure 
recovery  in  the  diffuser. 

Pr  pressure  in  reactor 

P2-  in  the  mixing  chamber  (plenum  pressure), 

P3static  pressure  in  the  cavity, 

P4  -pressure  in  iodine  measurement  cell, 

P5  -total  pressure  in  Pitot  tube 
P6  -pressure  in  the  vacuum  duct  downstream  cavity 
PI2-  iodine  partial  pressure  in  the  measuring  cell 
Gc  -  chlorine  molar  flow  rate, 

Gnp  -primary  nitrogen  molar  flow  rate, 

Gns  -secondary  nitrogen  molar  flow  rate, 

GI2-  iodine  molar  flow  rate, 

GNM-the  total  nitrogen  molar  flow  rate  through  mirrors  tunnels  (purging) 

Ti  -  the  transmission  of  the  output  mirror, 

T2  -  transmission  of  the  second  mirror. 

Wi-  laser  power  from  output  mirror 
W-  total  laser  power 
r|c-chemical  efficiency 

7 

M-  Mach  number  of  the  flow  from  ratio  _  166.7M 

P3  (7M2  -  ljf2  5 


2. 1.  Introduction 

The  increase  of  the  stagnation  pressure  of  the  gas  flow  in  the  cavity  of  gas-dynamic  and  chemical  lasers  is  very 
important  for  efficient  exhaust  of  the  laser  gas  into  atmosphere  [1].  The  increase  of  the  stagnation  pressure  should  not 
accompanied  with  essential  decreasing  of  the  power  and  efficiency  of  the  laser  system.  This  problem  is  specific  for  COIL 
due  to  relatively  low  pressure  in  the  singlet  oxygen  generator.  The  stagnation  pressure  in  the  Verti-COEL  laser  system 
with  rotating  disk  SOG  [2]  has  been  increased  up  to  100  torr  using  high  dilution  (1:6)  oxygen  by  helium.  However  high 
gas  density  in  the  reaction  zone  promotes  the  initiation  of  instabilities  of  the  BHP  film  on  the  disks  and  entrainment  of 
BHP  aerosol  because  this  method  has  restricted  possibility  for  reaching  high  recovery  pressure.  The  new  ejector  method 
of  preparing  of  the  COIL  active  medium  has  been  suggested  in  [3,4].  The  nozzle  bank  consists  of  conical  nozzles  for 
N2+I2  flow  and  slit  or  cylindrical  nozzles  for  02(!A)  flow.  The  conical  nozzles  generate  supersonic  N2+I2  jets  but  slit  or 
cylindrical  nozzles  generate  02(!A)  sonic  jets  with  moderate  static  pressure  (10  torr).  If  the  total  momentum  N2+I2  jets  is 
much  more  than  the  momentum  of  oxygen  jets  then  the  full  pressure  of  completely  mixed  stream  will  be  determined 
mainly  by  N2+I2  flow.  This  scheme  keeps  the  inner  contradictions  yet.  Indeed,  the  reaching  of  high  full  pressure  requests 
generating  the  N2+I2  flow  with  large  supersonic  velocity  in  the  nozzles  with  high  expansion  ratio.  Iodine  vapor 
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condensation  inside  nozzles  may  take  place  at  high  expansion  ratio.  This  contradiction  may  be  eliminated  by  using 
nozzles  with  low  expansion  for  N2+I2  flow  and  installation  of  additional  supersonic  nozzles  to  generate  supersonic  flow 
of  pure  nitrogen  with  high  stagnation  pressure.  Thus  the  new  nozzle  bank  consists  of  array  of  three  types  nozzles  to  inject 
gases  into  the  mixing  chamber  and  the  laser  cavity.  The  jet  type  SOG  can  produce  oxygen  at  pressures  up  to  100  torr 
with  high  02(1A)  yield  and  chlorine  utilization  [5],  Using  it  provides  good  conditions  to  obtain  supersonic  flow  with  high 
stagnation  pressure  in  COIL.  The  main  goals  of  present  investigation  were  the  study  of  gasdynamic  parameters  of  the  gas 
flow,  mixing  efficiency  and  efficiency  of  lasing  in  COIL  with  new  advanced  nozzle  bank. 

2.2  The  experimental  set-up 

The  new  nozzle  bank  consists  of  7  parallel  slits  15  mm  in  height  and  2.5  mm  in  width  for  injection  of  oxygen  (gas 
containing  the  stored  energy)  from  the  JSOG.  The  flow  of  pure  N2  (primary)  at  high  pressure  (gas  providing  major 
momentum)  flows  out  from  56  cylindrical  nozzles  located  in  8  rows.  The  diameter  of  nozzle  is  1  mm.  The  I2  (gas 
containing  gain  particles)  with  carrier  secondary  N2  gas  flows  out  from  holes  drilled  in  14  nickel  tubes  located  between 
oxygen  and  nitrogen  nozzles.  The  number  of  holes  in  each  nickel  tube  is  15  and  the  diameter  of  holes  is  0.5  mm.  The 


Fig.l.  The  fragment  of  nozzle  bank. 

The  experimental  COIL  set-up  is  presented  in  Fig.2.  The  free  gas  jets  from  each  array  of  nozzles  expand  and  mix  in 
the  mixing  chamber  with  initial  cross  section  50x15  mm2.  The  angle  between  wide  walls  of  mixing  chamber  and 
direction  of  flow  can  be  varied  from  0°  to  2°.  In  COIL  experiments  this  nozzle  bank  was  connected  to  the  Verti-JSOG 
earlier  used  for  energy  supply  of  COIL  with  slit  nozzle  [6],  This  Verti-JSOG  is  described  in  Part  1  of  present  report  in 
detail.  The  mixing  chamber  and  laser  cavity  were  manufactured  from  Plexiglas.  Therefore  it  was  possible  to  observe  a 
picture  of  the  bright  yellow  emission  from  the  iodine  dissociation  zone.  In  the  presented  COIL  design  the  minimal 
distance  of  64mm  between  optical  axis  and  nozzle  bank  can  be  made.  The  longer  distance  was  not  limited.  The  laser 
cavity  was  the  same  as  in  COIL  experiments  with  slit  nozzle  [6,7].  The  pumping  out  of  active  medium  through  the  cavity 
is  made  by  mechanical  pump  with  capacity  125  L/s.  To  create  high  volume  pump  rate  in  the  cavity  during  short  time 
(~10  s)  the  vacuum  receiver  4  m3  is  opened  on.  The  next  pressures  were  measured  during  COIL  run:  the  pressure  in 
JSOG  Pi,  the  plenum  pressure  P2  upstream  oxygen  nozzles,  static  pressure  in  the  cavity  P3,  pressure  in  the  Pitot  tube  P5  at 
the  exit  cross  section  of  the  cavity.  The  Mach  number  of  gas  flow  in  the  cavity  was  estimated  from  ratio: 
P5  _  166.7M7  .  The  full  (stagnation)  pressure  was  estimated  from  the  wellknown  formula  P*=(1+0.2M2)35P3.  The 

P3  (7M2  -  ljP  5 

output  power  was  assumed  to  be  equal  to  W=Wi(T1+T2)/T1,  where  Wj  is  the  measured  output  power  through  the  mirror 
with  highest  transmission  T\. 
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Fig.2.  The  experimental  set-up. 


2. 3  The  cold  tests  of  the  new  nozzle  bank. 

The  first  stage  of  the  study  new  nozzle  bank  for  supersonic  COIL  consists  in  determination  gas  flow  conditions  in 
the  laser  cavity  for  nominal  gas  flow  rates.  The  angle  between  the  walls  of  the  mixing  chamber  and  the  flow  direction 
was  2°.  The  experiment  was  performed  with  40  mmole/s  of  the  air  flow  rate  through  the  oxygen  nozzles.  The  plenum 
pressure  (upstream  of  nozzles  for  oxygen)  was  equal  to  17  torr  for  zero  both  primary  and  secondary  nitrogen  flow  rates 
through  the  nozzle  bank.  But  the  plenum  pressure  increased  up  to  27  torr  for  500  mmole/s  of  primary  nitrogen  and  zero 
secondary  nitrogen.  Simultaneously  the  static  pressure  P3  in  the  cavity  on  the  distance  of  64  mm  downstream  nozzle  bank 
and  pressure  P5  in  Pitot  tube  located  90  mm  downstream  nozzle  bank  were  equal  to  8  torr  and  87  torr  accordingly.  The 
estimated  Mach  number  M  of  the  gas  flow  in  the  laser  cavity  was  equaled  approximately  to  2.7.  The  additional  flow  of 
the  secondary  nitrogen  of  1 1  mmole/s  resulted  in  9.3  torr  static  pressure  in  cavity  and  92  torr  pressure  in  Pitiot  tube. 
Then  the  additional  nitrogen  flow  of  15  mmole/s  through  each  mirror  tunnel  resulted  in  10.4  torr  static  pressure  in  cavity 
and  111  torr  pressure  in  Pitot  tube.  The  rise  of  the  plenum  pressure  from  17  torr  to  27  torr  when  the  primary  nitrogen 
flow  rate  increases  from  0  to  500  mmole/s  is  explained  by  choking  of  air  flow  by  primary  nitrogen  streams.  The  small 
purging  nitrogen  flow  through  the  mirrors’  tunnels  compresses  gas  stream,  increases  significantly  static  and  Pitot 
pressures.  These  cold  experiments  demonstrated  that  the  nozzle  bank  with  the  simple  geometry  of  nozzles  could  generate 
the  supersonic  gas  flow  in  the  cavity. 

2.4  The  observation  and  study  of  the  mixing  iodine  jets  downstream  the  new  nozzle  bank. 

The  second  stage  of  the  study  of  the  new  nozzle  bank  consists  in  the  qualitative  observation  of  iodine  distribution  of 
iodine  molecules  in  the  mixing  chamber.  The  main  goal  was  to  observe  at  what  distance  from  the  nozzle  bank  the 
distribution  of  the  iodine  molecules  was  approximately  uniform  in  the  direction  of  optical  axis.  The  LEF  method  was  used 
to  observe  the  efficiency  of  mixing  iodine  I2  with  two  other  streams.  In  this  method  the  green  light  near  5 145 A  from  Ar- 
laser  excites  the  iodine  molecules  from  X*E  state  to  B3n  state  and  then  excited  iodine  molecules  emit  the  yellow  light 
[7].  This  LIF  visualizes  the  iodine  molecules  distribution  in  the  gas  flow.  In  these  experiments  the  special  mixing 
chamber  with  windows  for  Ar-laser  beam  and  observation  of  LIF  was  installed.  The  angle  between  walls  and  gas  flow 
direction  was  0°.  It  was  possible  to  observe  LIF  of  iodine  molecules  at  distance  25  mm  and  more  downstream  from 
nozzle  bank.  The  Ar-laser  beam  (5 145 A)  3mm  in  diameter  was  directed  across  the  gas  flow  and  was  centered  in  the 
middle  between  walls  of  the  mixing  chamber.  The  LIF  fluorescence  was  observed  in  direction  perpendicularly  to  the  Ar- 
laser  beam  and  gas  flow  direction.  It  was  possible  to  move  Ar-laser  beam  position  relatively  to  the  nozzle  bank.  The  LIF 
picture  was  recorded  by  Kodak  film  in  dark  conditions  with  optical  filter  to  remove  scattering  radiation  from  Ar  -laser 
beam. 

Several  LIF  experiments  were  performed  for  the  gas  flow  conditions  in  mixing  chamber  similar  to  conditions  of 
COIL  operation.  The  nitrogen  gas  was  used  instead  of  oxygen  02(lA)  in  LIF  experiments.  The  molar  flow  rate  of 
nitrogen  through  oxygen  slits  was  varied  from  40  to  75  mmole/s,  primary  nitrogen  molar  flow  rate  was  varied  from  200 
to  400  mmole/s,  and  secondary  nitrogen  molar  flow  rate  was  varied  from  20  to  40  mmole/s..  In  these  ranges  of  gases 
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molar  flow  rates  the  Mach  number  of  the  flow  varied  from  1.7  to  2  and  static  pressure  of  flow  varied  from  10  to  20  torr. 
The  results  of  the  visualization  LIF  of  I2  are  presented  in  Fig. 3.  This  particular  experiment  was  performed  for  molar  flow 
rate  of  nitrogen  through  oxygen  slits  75  mmole/s,  primary  nitrogen  molar  flow  rate  400  mmole/s,  secondary  nitrogen 
molar  flow  rate  40  mmole/s..  The  intensity  of  LIF  was  approximately  uniform  for  distance  62  mm  for  all  gas  flow 
conditions  tested  in  experiments.  The  high  difference  in  the  gas  velocities  of  flows  resulted  in  high  efficient  mixing  of  the 
all  gas  components.  So  it  was  expected  highly  efficient  mixing  of  02  flow  from  JSOG  with  N2  and  N2+I2  flows  in  COIL 
experiments. 


B) 


A) 


Nozzle  bank 

Fig.3.  LIF  of  iodine  molecules  downstream  the  nozzle  bank..  The  distance  between  nozzle  bank  and  Ar-laser  beam 
37  mm  (A)  and  62  mm  (B). 


2.5  COIL  experiments. 

The  COIL  set-up  with  the  new  nozzle  bank  is  presented  in  Fig.2.  The  Verti-JSOG  was  described  in  details  in  Part  1 
of  present  report  and  in  [6].  The  02(1A)  was  transported  from  Verti  -  JSOG  through  rectangular  duct  with  10*50mm2 
cross  section.  The  duct  height  increased  up  to  15  mm  on  small  distance  before  the  nozzle  bank.  The  length  of  the  duct 
between  generator  and  nozzle  bank  was  30  mm.  The  initial  cross  section  of  the  mixing  duct  was  15*50  mm2.  The 
experiments  have  been  made  for  two  expanding  angles  of  the  mixing  duct  wide  walls  (0=l°and  2°)  and  for  two  distances 
between  the  optical  axis  and  nozzle  bank  (L=64mm  and  89  mm). 

0=1°,  L=89  mm.  LIF  experiments  have  showed  good  mixing  at  this  distance.  The  height  of  the  mixing  duct  was 
18  mm  at  this  position  of  the  optical  axis.  The  chlorine  flow  rate  through  Verti-JSOG  was  39.2  mmole/s,  the  primary 
nitrogen  flow  rate  through  cylindrical  nozzles  was  400mmole/s,  the  secondary  nitrogen  (carrier  of  I2)  flow  rate  through 
the  nickel  tubes  was  40mmole/s,  the  total  nitrogen  flow  rate  through  mirrors’  tunnels  was  20  mmole/s..  It  was  found  that 
the  pressure  in  the  cavity  was  equal  to  20  torr,  in  the  Pitot  tube  was  equal  to  96  torr  and  the  estimated  Mach  number  of 
gas  flow  in  cavity  was  close  to  1.8  for  iodine  molar  flow  rate  0.6  mmole/s. 

The  output  power  was  equal  to  350  W  (9.8%  efficiency)  only  for  mirrors  with  transmittances  T^O.8%,  T2=0%. 
The  attempts  to  increase  the  iodine  molar  flow  rate  resulted  in  the  subsonic  flow  mode  in  the  cavity.  We  explain  that  by 
large  thickness  of  the  boundary  layers  on  the  walls  and  by  the  heat  release  in  the  gas  flow.  The  angle  between  wide  walls 
and  the  flow  direction  was  increased  up  to  2°  for  diminishing  of  the  boundary  layers’  influence. 

0=2°,  L=89  mm.  The  height  of  the  channel  was  22  mm  at  this  position  of  the  optical  axis.  The  gas  flow 
conditions  were  the  same  as  in  previous  case.  The  results  obtained  for  these  conditions  are  presented  in  Table  1  and  in 
Fig.  4-^6.  The  first  run  was  the  check  of  the  gas  flow  conditions  in  the  laser  cavity  for  zero  iodine  molar  flow  rate.  The 
optimal  iodine  molar  flow  rate  was  found  in  2-6  runs  with  not  good  quality  mirrors.  The  new  mirrors  with  different 
transmissions  were  installed  in  7-12  runs  for  obtaining  the  Rigrod  curve. 
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Fig.5.  The  dependence  of  the  power  on  the  iodine  molar  flow  rate. 
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Fig.6  .  The  dependence  of  the  output  power  on  the  total  mirror  transmission  .  Iodine  molar  flow  rate  is  close  to 

0.7mmole/s. 

The  optimal  iodine  molar  flow  rate  close  to  0.7  mmole/s  has  been  found.  The  maximum  power  603  W  (17% 
chemical  efficiency)  was  achieved  with  mirrors  Ti=0.94%,  T2=0%.  Video  recoder  of  the  green-yellow  emission  in  the 
mixing  chamber  in  the  laser  experiments  indicated  that  the  bright  yellow  emmision  is  completed  on  the  distances  5^-6  cm 
downstream  from  the  nozzle  bank.  The  length  of  bright  yellow  emission  is  close  to  the  length  of  iodine  dissociation  along 
gas  flow.  The  estimation  of  absolute  gas  velocity  gives  value  approximately  550  m/s  (Mach  number  2.2).  It  means  that 
time  of  iodine  dissociation  was  near  lOOps.  Thus  LIF  experiments  and  laser  experiments  with  L=89  mm  demonstrated 
fast  dissociation  and  mixing  of  iodine  in  COIL  with  new  nozzle  bank. 

0=2°,  L=64  nun.  It  was  evident  to  place  optical  axis  at  closer  distance  from  nozzle  bank  to  decrease  O^'A) 
quenching  losses.  The  experimental  results  for  the  new  optical  axis  position  are  presented  in  Table  2  and  in  Fig.  7  and 
Fig  8.  The  full  (stagnation)  pressure  of  the  gas  flow  in  cavity  was  calculated  as  P*=(1+0.2M2)3'5P3.  The  optimal  molar 
flow  rate  close  to  0.8mmole/s  have  been  found. 
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Table  2. 


Run 

Pi, 

torr 

P 2, 

torr 

H 

m 

M 

P* 

Gl2 

mmole/s 

T„ 

% 

t2, 

% 

Power, 

W 

l)c 

% 

1 

39.5 

33 

11.2 

101 

2,57 

211 

0.73 

0.94 

0.18 

643 

18.1 

2 

39.4 

32.5 

10.9 

100 

2,6 

218 

0.74 

0.94 

0.18 

700 

19.7 

3 

39 

32.5 

11.3 

100 

2,55 

210 

0.85 

0.94 

0.18 

657 

18.5 

4 

39.4 

32.6 

11 

101 

2,6 

220 

0.68 

0.94 

0.18 

673 

18.9 

5 

38.9 

32.4 

10.9 

102 

2,62 

227 

0.65 

0.94 

0.18 

660 

18.6 

6 

39 

32.4 

10.7 

102 

2,62 

214 

0.54 

0.94 

0.18 

604 

17. 

7 

39.7 

32.9 

11.4 

100 

2,5 

200 

0.74 

0.94 

0 

598 

16.8 

8 

39.3 

101 

2,5 

200 

0.75 

1.3 

0 

563 

15.8 

9 

39.3 

32.7 

11.4 

102 

.2,55 

207 

0.75 

1.7 

0 

565 

15.9 

10 

39.7 

32.6 

11.3 

103 

2,55 

205 

0.78 

oo 

0 

0 

0 

11 

39.8 

33 

11.3 

102 

2,55 

205 

0.76 

1 

0 

618 

17.4 

12 

39.8 

33 

11.4 

102 

2,55 

207 

0.77 

1.7 

0.94 

489 

13.7 

13 

40.2 

33 

11.3 

103 

2,55 

205 

0.77 

1.7 

1.3 

405 

11.4 

14 

39.7 

32.9 

11.1 

101 

2,55 

204 

0.76 

1.7 

1.7 

0 

15 

39.6 

32.8 

9.47 

98.3 

2,9 

300 

0 

0 

0 

0 

Iodine  molar  flow  rate,  mmole/s 


Fig.7.  The  dependence  of  output  power  on  the  iodine  molar  flow  rate. 
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Total  transmission,  % 

Fig.8.  The  dependence  of  the  output  power  on  the  mirror  transmission.  The  iodine  molar  flow  rate  is  close  to 

0.77mmole/s. 

Thus  the  displacment  of  the  optical  axis  closer  to  nozzle  block  gave  possibility  to  increase  output  power  to 
700W  and  chemical  efficiency  to  19.7%  and  to  achieve  the  total  pressure  more  than  200  torr. 

2.  6.  Conclusions. 

The  new  nozzle  bank  for  preparing  of  active  medium  for  supersonic  COIL  was  design  and  tested.  New  nozzle 
bank  consists  of  three  types  array  of  nozzles:  the  first  array  of  the  slit  nozzles  for  energy  02(1A)  flow,  second  array  of 
rake  type  nozzles  for  I2+N2  flow  and  third  array  of  cylindrical  nozzles  for  N2  flow  with  high  velocity  head.  All  nozzles 
have  simple  geometry  without  special  profiles.  The  preliminary  “cold”  experiments  demonstrated  high  Mach  number  of 
supersonic  flow  formed  by  new  nozzle  bank.  The  LIF  experiments  demonstrated  fast  and  efficient  mixing  of  three  flows 
at  gas  conditions  close  to  those  which  realize  at  COIL  operation.  The  observation  of  bright  yellow  emission  from  iodine 
dissociation  zone  during  COIL  operation  demonstrated  also  the  fast  iodine  dissociation  in  the  supersonic  flow.  The 
primary  nitrogen  flow  provides  formation  of  the  active  medium  with  stagnation  pressure  in  the  cavity  more  200  torr  and 
recovery  pressure  about  100  torr. 

The  output  power  700  W  and  the  chemical  efficiency  19.7%  have  been  achieved  in  COIL  with  the  new  nozzle 
bank.  This  power  was  obtained  at  the  static  pressure  in  the  cavity  equal  to  10.9  torr,  Mach  number  2.6,  Pitot  pressure 
lOOtorr.  The  full  pressure  of  the  gas  flow  in  the  cavity  was  estimated  as  218  torr. 

High  stagnation  pressure  and  high  dilution  oxygen  by  nitrogen  1:11.5  creates  good  conditions  for  diffuser 
operation.  At  present  gas  flow  conditions  the  total  gas  flow  rate  in  the  cavity  was  0.5  mole/s  or  91001iter*torr/s  at  room 
temperature.  Let’s  assume  that  downstream  the  laser  cavity  the  supersonic  diffuser  is  installed  and  recovery  pressure 
equal  to  the  pressure  obtained  in  Pitot  tube  (100  torr).  In  this  case  one  obtains  estimation  of  the  vacuum  pump  rate  with 
the  Q=91001iter*torr/s  /100torr=91  liter/sec  for  successful  COIL  operation.  It’s  correspondent  to  specific  power  (per  unit 
of  the  pumping  capacity)  W/Q=700  W/91  liter/s  =  7.7  J/liter.  New  method  of  the  preparing  of  the  COIL  active  medium 
allows  to  obtain  simultaneously  the  high  stretched  gain  zone  and  large  value  of  the  specific  power.  The  recovery  pressure 
100  torr  and  more  gives  possibility  to  use  for  the  exhaust  gas  the  water  sealed  pump  only  (one  pump  step  without  liquid 
nitrogen  trap). 

Problems  and  solutions.  The  designed  pressure  in  JSOG  is  Pi=30  torr  for  39.2  mmole/s  of  chlorine.  But  the 
choking  of  oxygen  flow  by  primary  nitrogen  resulted  in  higher  pressure  of  oxygen  in  JSOG  Pi=40.  It  is  necessary  to 
decrease  the  pressure  PI  down  to  30  torr  to  increase  02(*A)  yield  and  chemical  efficiency  of  COIL.  There  are  two  way: 
to  design  new  JSOG  for  existing  nozzle  bank  or  to  design  new  nozzle  bank  for  existing  JSOG. 
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PART  3 

The  results  of  iodine  gain  line  scanning  in  COIL  with  slit  nozzle  and  new  nozzle 

bank. 


Abstract 

The  probe  diode  laser  was  used  to  scan  the  gain  line  of  iodine  atom  in  supersonic  flows  of  COILs  with  slit 
nozzle  and  new  nozzle  bank. 

Pr  pressure  in  reactor 

P2-  in  the  mixing  chamber  (plenum  pressure), 

P3-static  pressure  in  the  cavity, 

P4  -pressure  in  iodine  measurement  cell, 

P5  -total  pressure  in  Pitot  tube 
P6  -pressure  in  the  vacuum  duct  downstream  cavity 
PI2-  iodine  partial  pressure  in  the  measuring  cell 
Gc  -  chlorine  molar  flow  rate, 

Gnp  -primary  nitrogen  molar  flow  rate, 

GNs  -secondary  nitrogen  molar  flow  rate. 

Go-  iodine  molar  flow  rate, 

GNM-the  total  nitrogen  molar  flow  rate  through  mirrors  tunnels  (purging) 

Ti  -  the  transmission  of  the  output  mirror, 

T2  -  transmission  of  the  second  mirror. 

Wr  laser  power  from  output  mirror 
W-  total  laser  power 
T]c-chemical  efficiency 

M-  Mach  number  of  the  flow  from  ratio  _  166.7M7 

P3  (7M2  - 1)2  5 

3.1.  Introduction. 

The  operation  of  COIL  with  slit  nozzle  having  two  throats  was  described  in  Part  1  of  present  report.  The 
operation  of  COIL  with  new  nozzle  bank  (ejector  scheme)  was  described  in  Part  2  of  the  present  report.  All  these  results 
with  laser  power  optimization  were  obtained  in  the  spring  and  summer  of  1999.  The  results  of  gain  scanning  were 
obtained  in  November  -  December  of  1999.  Before  stating  of  gain  measurements  several  modifications  of  COIL  set-up 
were  made.  The  analysis  of  experimental  result  obtained  in  the  first  half  of  1999  forced  us  to  make  several  changes.  It 
seemed  to  us  that  these  changes  of  set-up  would  improve  the  operation  of  COIL.  First  of  all  the  absorption  length  in 
iodine  measuring  cell  was  made  5  cm.  It  allowed  us  to  measure  more  precisely  iodine  molar  flow  rate  at  higher  level. 
But  the  new  design  of  this  cell  resulted  to  increase  of  the  nitrogen  pressure  in  the  measuring  cell  in  comparison  with  old 
design  at  the  same  secondary  nitrogen  molar  flow  rate.  It  is  necessary  to  take  into  account  when  one  will  compare  the 
value  of  P4.  Another  important  modification  was  made  in  laser  cavity  duct.  The  geometry  of  the  cavity  in  experiments  of 
first  half  of  1999  was  like  this: 

▲ 

Mirror  tunnels 

The  width  of  inlet  to  cavity  and  outlet  were  50  mm.  It  was  due  to  limited  pump  capacity  of  our  pump  system.  Usually 
the  pressure  in  the  vacuum  tube  downstream  cavity  was  higher  than  the  static  pressure  in  the  cavity.  If  we  would 
increase  the  width  of  the  outlet  then  the  higher  pressure  from  the  vacuum  tube  penetrates  into  cavity  through  boundary 
layer.  But  the  edges  of  the  stream  in  the  cavity  strike  about  corners  of  outlet  and  some  portion  of  the  active  medium 
blows  into  mirrors’  tunnels  where  singlet  oxygen  is  quenched  and  may  generate  the  resonance  absorption.  Now  the 
angles  of  outlet  were  smoothed  to  prevent  the  indicated  blow  and  geometry  of  laser  duct  at  present  looks  like: 
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Mirror  tunnels 


This  modification  of  cavity  was  made  to  decrease  effect  of  mirror  purging  gas  on  main  gas  flow  also.  Unfortunately  it 
was  impossible  to  increase  the  width  of  outlet  from  cavity  because  the  pump  rate  was  not  enough  to  obtain  supersonic 
flow  in  cavity  with  wider  outlet. 


3.2.  The  gain  and  temperature  of  active  medium  of  the  COIL  with  slit 
nozzle  having  two  throats. 

The  results  of  COIL  operation  with  slit  nozzle  having  two  nozzles  were  described  in  Part  1  of  present  report.  The 
experimental  set-up  was  the  same  like  in  COIL  experiments  instead  of  cavity  modification  described  in  3.1.  The  probe 
laser  beam  double  passed  through  the  active  medium  ( the  total  gain  length  was  10  cm).  The  experimental  set-up  of  gain 
measurements  is  presented  in  fig.l.  The  optical  axis  was  located  55  mm  downstream  from  the  throat  of  slit  nozzle.  The 
height  of  cavity  was  equal  to  19  mm  at  the  position  of  optical  axis.  The  values  of  Gnp,  Gns,  Gnm  were  close  to  the  values 
early  used  for  COIL  experiments  with  slit  nozzle.  First  of  all  the  gain  was  measured  in  the  point  of  optical  axis  as  a 
function  of  iodine  molar  flow  rate.  The  next  parameters  of  scanning  were  installed:  number  of  gain  line  scans  per  second 
was  25,  averaging  of  the  gain  line  each  0.5  sec.  The  example  of  the  gain  line  scanning  presented  in  Fig.2. 


Fig.l. 
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5  sec 


Fig.2.  The  gain  line  profile.  (5  sec  Table  1). 

Several  words  about  fitting  of  data  by  Foight  function.  The  probe  laser  line  was  assumed  to  be  8-function,  base  line  was 
cubic.  The  results  of  fitting:  area  A,  Lorenz  WL  and  Gauss  WG  widths  were  assumed  the  final  parameters.  The  gas 
temperature  was  calculated  as  T=(WG/14.49)2,  the  population  inversion  was  calculated  as 

AN(cm~3)  =  87t|  —  I — —  ■  -  =4.88xl012xA(MHZx%/cm) 

\  7  J  A34^ 

The  time  dependence  of  gain  and  temperature  is  presented  in  Table  1.  (the  time  resolution  of  Run  N.4  in  Table  3). 


Table  1. 


Time,s 

Pick  gain,  %/cm 

WG,  MHZ 

T,  K 

WL,MHz 

A(MHzx(%/cm) 

AN  (cm'3) 

2.5 

-l.i 

273 

355 

125.7 

-470 

-2.3xl015 

3 

0.384 

235 

263 

53.5 

117.8 

5.75xl014 

3.5 

0.482 

239 

272 

42.8 

144 

7xl014 

4 

245 

286 

33.6 

6.78xl014 

4.5 

0.46 

235 

263 

47 

138 

6.73X1014 

5 

0.45 

238 

270 

47 

135 

6.59X1014 

5.5 

0.44 

246 

288 

31 

130 

6.34X1014 

6 

0.44 

235 

263 

54 

135 

6.59X1014 

6.5 

0.46 

223 

237 

77 

148 

7.22X1014 

7 

0.42 

235 

263 

127 

6.2xl014 

The  chlorine  stated  to  feed  JSOG  and  COIL  near  2.5  s  and  only  mechanical  vacuum  pump  worked,  then  between  2.5  and 
3  s  the  vacuum  receiver  was  opened  and  high  vacuum  pump  rate  realized,  after  7  s  the  chlorine  flow  was  switched  off. 
The  gain  line  for  time  5  s  is  presented  in  Fig.2.  The  absorption  at  t=2.5  s  is  due  to  subsonic  gas  flow  in  the  cavity,  high 
temperature  and  possibly  absorption  in  the  mirrors’  tunnels.  The  large  absolute  value  of  population  density  is  due  to  the 
high  static  pressure  in  subsonic  mode.  The  SSG  decreases  slowly  on  time.  We  explain  this  by  generation  of  water  vapor 
from  BHP  aerosols  carrying  out  from  JSOG. 

3.2.1.  The  SSG  and  temperature  as  vs.  on  gas  flow  conditions.  Probe  laser  beam  located  in  the  optical  axis  position 

( X=0 .  Y=0) 

The  dependence  of  pick  gain  and  gas  temperature  on  iodine  molar  flow  rate  on  the  optical  axis  (X=0,  Y=0)  are  presented 
in  Table  2  and  Fig.3,  Fig.4.,  The  gas  temperature  is  correlated  with  estimated  Mach  number  of  gas  flow:  for  higher  M 
the  temperature  is  lower.  Higher  iodine  molar  flow  Gi2>0.85  mmole/s  rate  resulted  in  subsonic  gas  flow  in  cavity  and 
negative  gain. 
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Table  2.  Here  t*  is  the  time  interval  from  the  moment  of  vacuum  receiver  opening. 


Run 

Gc 

Gnp 

Gns 

Pi 

Pz 

P3 

P5 

G12 

SSG,  %/cm 

WG,  MHz 

T,K 

WL 

M 

t,s 

1 

68 

130 

68 

58.7 

37.2 

6.05 

28 

0.666 

0.316 

218 

226 

50 

1.77 

2.5 

2 

68 

123 

60 

54.5 

34 

6.4 

26.8 

0.628 

0.431 

222 

235 

54.3 

1.67 

2.5 

3 

68 

130 

60 

55.1 

33.4 

6.7 

26.1 

0.713 

0.504 

219 

228 

62.3 

1.65 

2.5 

4 

68 

123 

60 

55.7 

36.4 

7.3 

25.2 

0.807 

0.564 

230 

252 

55 

1.52 

2.5 

5 

39.2 

72 

40 

30.6 

20 

4.54 

14.2 

0.615 

0.54 

235 

263 

36 

1.42 

2.5 

6 

39.2 

72 

40 

31.4 

20.8 

4.65 

14.5 

0.749 

0.6 

227 

245 

51.6 

1.38 

2.5 

7 

39.2 

72 

40 

31.8 

21.7 

3.5 

14.5 

0.484 

0.141 

194 

179 

69 

1.65 

2.5 

8 

39.2 

72 

40 

31 

21.7 

3.5 

14.6 

0.478 

0.113 

210 

210 

58 

1.68 

3 

9 

39.2 

72 

40 

32 

21.8 

3.8 

14.2 

0.544 

0.277 

218 

226 

56 

1.57 

2.5 

10 

39.2 

72 

40 

31.6 

20.1 

4.15 

13 

0.606 

0.387 

224 

239 

50 

1.43 

2.5 

11 

39.2 

72 

40 

31 

20 

4.55 

13 

0.678 

0.551 

229 

250 

50 

1.34 

2.5 

12 

39.2 

72 

40 

31.7 

20.8 

4.87 

13.5 

0.758 

0.631 

229 

250 

49.7 

1.34 

2.5 

iodine  molar  flow  rate,  mmole/s 


Fig.3.  The  dependence  of  SSG  on  iodine  molar  flow  rate.  Black  tiangle  for  68  mmole/s  of  CI2  molar  flow  rate  (runs  1-4), 

red  circle  for  39.2  mmole/s  of  Cl2  molar  flow  rate  (runs  5-12). 


iodine  molar  flow  rate,  mmole/s 

Fig.4.  The  dependence  of  temperature  on  iodine  molar  flow  rate.  Black  tiangle  for  68  mmole/s  of  Cl2  molar  flow  rate 
(runs  1-4),  red  circle  for  39.2  mmole/s  of  Cl2  molar  flow  rate  (runs  5-12). 


3.1.2.  The  dependence  of  SSG  and  temperature  on  the  position  of  the  probe  laser  beam  relatively  to  optical  axis. 

The  dependence  of  SSG  and  temperature  on  position  of  probe  beam  relative  optical  axis  is  presented  in  Table  3  and 
Fig.5,  Fig.6.  The  iodine  molar  flow  rate  in  these  runs  was  in  the  range  Gi2=0.6-K).7  mmole/s.  This  fluctuation  of  iodine 
molar  flow  rate  resulted  in  additional  scatter  of  values  in  Fig.5  and  Fig.6.  The  SSG  increases  with  increasing  of  distance 
X  from  the  throat  of  slit  nozzle.  Thus  dissociation  of  iodine  is  not  complete  at  distances  less  than  55  from  the  throat  of 
the  nozzle.  The  point  X=0,  Y=0  is  located  in  the  wake  from  the  central  blade  of  slit  nozzle.  It’s  possible  also  that  active 
medium  in  the  turbulent  wake  with  low  SSG  mixes  with  gas  flow  from  stream  core  with  higher  SSG  and  as  result  SSG 
increases  with  raise  X. 


Table  3. 


Run 

Gc 

Gnp 

Gns 

Pi 

P 2 

m 

X, 

mm 

Y, 

mm 

SSG, 

%/cm 

WG, 

MHz 

T,K 

WL 

M 

t,s 

1 

39.2 

72 

mm 

31 

20 

0 

0 

0.551 

229 

250 

50 

1.37 

2.5 

2 

mm 

40 

EH 

EKE 

4.54 

EH 

0 

KiM 

1.35 

3 

mm i 

EH 

eh 

eh 

mm 

0 

EH 

1.35 

2.5 

4 

39.2 

72 

EH 

31.8 

21.3 

4.62 

12.9 

0 

0.447 

238 

270 

46.7 

1.35 

2.5 

5 

40 

22.5 

4.69 

12.8 

EZ3H 

in 

0 

236 

265 

41 

1.35 

2.5 

6 

68 

123 

EH 

KHE1 

33.3 

6.8 

0.614 

EH 

0 

221 

233 

61 

1.57 

2.5 

7 

68 

123 

EH 

55.4 

33.8 

7.1 

FiTSEEM 

EH 

0 

0.504 

EH 

wc*xm 

■i w 

2.5 

8 

68 

123 

EH 

56.2 

I gUM 

6.7 

■iiaftM 

o 

0 

EiH 

1.57 

2.5 

9 

68 

123 

EH 

56.2 

34 

6.8 

25.1 

0.6 

0 

0.389 

212 

214 

77 

1.57 

2.5 

10 

68 

BEEl 1 

EH 

EH 

35.1 

6.7 

25.6 

ill 

0 

BHH 

75 

1.6 

2.5 

11 

68 

EEH 

EH 

ESDI 

38.5 

6.7 

25.7 

EMSB 

0 

208 

73 

2.5 

12 

68 

msm 

ESI 

60 

iri:f 

6.7 

0 

190  1 

172 

88 

1.62 

2.5 

13 

68 

mm 

EH 

57.8 

7 

EH 

7 

214 

72 

1.55 

2.5 

14 

68 

123 

EH 

58.2 

36 

6.5 

26.2 

0.619 

EH 

7 

0.539 

213 

216 

64 

2.5 

15 

68 

123 

60 

58.5 

36.3 

6.8 

w 

7 

214 

48 

3 

distance  from  optical  axis,  mm 


Fig.5.  The  dependence  of  SSG  on  the  position  of  probe  laser  beam  relative  to  optical  axis.  The  point  X=0,Y=7  mm 

located  in  the  kernel  of  flow  from  one  throat. 
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Distance  from  optical  axis,  mm 

Fig.  6.  The  dependence  of  temperature  on  position  X  of  the  probe  laser  beam  relative  optical  axis. 


3.3.  The  gain  and  temperature  of  active  medium  of  the  COIL  with  new  advanced 

nozzle  bank 

3.3.1  The  SSG  and  temperature  of  gas  flow  as  vs.  on  gas  flow  conditions  .  Probe  laser  beam  located  in  the  optical  axis 

position  (X=0.  Y-0). 

The  experimental  set-up  was  similar  to  set-up  in  3.2  but  new  nozzle  bank  described  in  Part  2  was  installed  in  COIL.  The 
optical  axis  was  located  on  64  mm  downstream  from  nozzle  bank. 

The  results  of  gain  and  temperature  measurements  for  X=0,  Y=0  are  presented  in  Table  4  and  Fig.7,8.  The  Mach  number 
of  the  flow  in  the  cavity  was  much  higher  than  for  the  slit  nozzle  system.  The  static  temperature  of  gas  flow  was  lower 
than  for  slit  nozzle  system  also.  The  Pitot  pressure  P5~90  torr  was  less  than  100  torr  pressure  obtained  in  the  laser 
experiments  (Part  2).  We  believe  that  it  was  due  modification  of  outlet  of  the  laser  cavity  and  decreasing  static  pressure 
in  the  mirrors’  tunnels  and  in  the  cavity.  The  pressure  broadening  WL  is  approximately  in  two  times  more  than  for  slit 
nozzle  system.  First  of  all  it  is  due  to  higher  static  pressure  in  the  cavity  and  lower  temperature.  The  pressure  broadening 
is  inverse  proportional  to  temperature  WL(T)=WL(300K)(300/T)  [1]. 


Table  4. 


Run 

Gc 

Gnp 

Gns 

Gnm 

Pi 

P2 

P3 

P4 

P5 

On 

SSG, 

%/cm 

WG, 

MHz 

T,K 

WL, 

MHz 

M 

t,s 

1 

39.2 

msa 

11 

11 

36.6 

30.7 

9.5 

70 

87.4 

103 

2.65 

3 

2 

39.2 

410 

11 

11 

37 

31 

9.5 

68.2 

88.6 

0.48 

200 

191 

95 

2.65 

3 

3 

39.2 

410 

11 

11 

mm 

65.6 

86 

■nrith 

199 

189 

80 

2.6 

3 

4 

39.2 

410 

11 

11 

37 

31 

71 

85 

0.70 

0.53 

192 

176 

101 

2.5 

■29 

5 

mm 

410 

11 

11 

37.4 

31 

9.9 

77.4 

86 

0.56 

199 

189 

94 

mm 

6 

mm 

410 

11 

11 

9 

83.3 

88 

0.42 

0.41 

192 

175 

106 

2.7 

mm 

7 

39.2 

410 

11 

11 

9.1 

84 

88 

0.46 

0.43 

203 

196 

85 

1*1 

8 

39.2 

B9 

11 

40.1 

33 

9.4 

157 

90 

95 

2.65 

m 

9 

mm 

Klil 

11 

40 

MM 

156 

87 

0.66 

0.42 

189 

170 

worn 

2.6 

2.5 

10 

mm 

11 

159 

87 

0.76 

0.45 

192 

175 

■EEK 

2.55 

2.5 

11 

39.2 

410 

— 

11 

KOI 

159 

84 

0.85 

0.48 

199 

188 

hb 

2.45 

2.5 

12 

39.2 

410 

mm 

11 

36.9 

30.8 

9.1 

216 

95 

■w 

WM 

113 

mm 

13 

39.2 

42 

11 

9.9 

226 

81 

msm 

WfZM 

w 

2.45 

2.5 

14 

39.2 

42 

11 

9.7 

222 

86 

1H1 

■IM 

2.5 

2.5 

15 

39.2 

42 

11 

212 

85 

0.5 

msm 

2.45 

2.5 

16 

39.2 

410 

mm 

11 

210 

87 

WM 

204 

93 

2.5 

2.5 

17 

mm 

55 

11 

33 

WEM 

90 

msm 

— Eal 

2.5 

mm 

mm 

55 

11 

39.8 

33.1 

9.9 

91 

0.35 

97 

2.5 

39.2 

410 

55 

11 

40 

33.4 

10.3 

mwim 

91 

KilH 

mm 

2.5 

20 

39.2 

410 

55 

11 

39.8 

33.6 

10.3 

240 

89 

0.93 

0.45 

190 

172 

114 

mMM 
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iodine  molar  flow  rate,  mmole/s 


Fig.7.  The  dependence  of  SSG  on  iodine  and  secondary  nitrogen  molar  flow  rate. 


Higher  GNS  forces  to  increase  iodine  molar  flow  rate  to  achieve  the  same  value  of  SSG  for  smaller  GN$.  Let’s  consider 
SSG  for  Gns=42  mmole/s  and  G^O.8  mmole/s.  The  value  of  SSGMX45  %/cm  measured  by  probe  laser  is 
approximately  equal  to  the  value  estimated  from  Rigrod  curve  at  the  same  gas  flow  conditions  (Fig. 8  in  Part2  ). 


iodine  molar  flow  rate,  mmole/s 


Fig.8.  The  dependence  of  gas  temperature  on  iodine  and  secondary  nitrogen  molar  flow  rates. 


3.3.2.  The  dependence  of  SSG  and  temperature  on  the  position  of  probe  laser  beam  relative  to  optical  axis^ 

In  COIL  experiments  (Part  2)  with  new  advanced  nozzle  bank  the  Pitot  pressure  100  torr  has  been  achieved  at 
GNP=400mmole/s.  The  primary  nitrogen  molar  flow  rate  in  these  experiments  with  probe  laser  was  increased  up  to  500 
mmole/s  to  raise  the  Pitot  pressure  up  to  100  torr.  The  results  of  measurements  are  presented  in  Table  5  and  Fig.9, 
Fig.  10. 
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The  SSG  decreases  with  increase  of  distance  X  from  the  nozzle  bank.  The  SSG  is  equal  to 


g(cm  !)=n 


jCTX- 


(Keq  +0.5)Y-0.5 


(Keq-DY  +  l 

where  a  is  efficient  cross  section,  nj  iodine  atoms  density,  Y  is  02(1A)  fraction,  Keq=3/4exp(402/T). 

Is  it  possible  to  explain  such  SSG  dependence  by  quenching  of  02(1A)  or  decreasing  of  Y?  The  quenching  of  02(1A)  is 
mainly  due  to  quenching  of  I(2Pj/2)  by  water  ,  I2  and  N2  (highest  fraction  in  gas  flow).  The  specific  time  of  O^A) 
quenching  (or  decreasing  of  Y)  is  approximately 


"1  -  ([H20]Kw+[N2]Kn+[I2]Ki)x  [I]/[02], 


where  [H20]  is  water  vapor  concentration,  Kw=2xl0'12  (T/300)0,5  cm3/s,  [N2]  -  nitrogen  concentration,  KN=  6.5x  10  17 
(T/300)0'5  cm3/s,  [I2]  molecular  iodine  concentration,  Kj=  3.6x  10'11  cm3/s,  For  pressure  10  torr  and  gas  composition 
I2:H20:02:N2=0.02:  0.05  :  1  :  11,  dissociation  efficiency  50%  ([02]:[I]= 100:2)  and  temperature  190K  one  obtains 
(quenching  by  I2  excluded):  ([H20]Kw+[N2]Kn)x  [O2]/[I]~100  s'1.  This  value  of  T  corresponds  to  the  length  500  cm  for 
gas  velocity  500  m/s.  Thus  quenching  of  I*  by  H20  and  by  N2  can’t  explain  fast  drop  of  gain  along  gas  flow.  Taking 
into  account  50%  of  undissociated  iodine  resulted  in  estimation  t  ^([IJKOx  [I]/[02]=200  s'1.  This  quenching  also  can’t 
explain  the  drop  of  SSG  along  the  gas  flow.  Another  possible  mechanism  of  02(!A)  losses  is  the  recombination  of  I 
atoms  in  the  presence  of  high  density  of  N2  and  reverse  dissociation  of  I2.  In  this  case  the  losses  of  02(*  A)  is  proportional 
to  [I]  [I][N2]  but  can’t  explain  fast  drop  of  gain  also.  We  considered  also  gasdynamic  origin  of  gain  drop  that  is  due  to 
mirror  purging  gas  effect.  It  compress  main  flow  near  the  outlet  of  cavity  and  efficiently  decrease  the  gain  length.  But 
product  “active  lengthxfl]”  is  constant  along  gas  flow.  Thus  compressing  of  main  flow  also  can’t  explain  drop  of  SSG. 
So  at  present  we  have  not  adequate  explanation  of  SSG  drop  along  gas  flow.  Possible  the  measured  SSG  and 
temperature  dependencies  is  result  of  the  influence  of  absorbing  gas  circulated  in  the  mirror  tunnels.  It’s  necessary  to 
repeat  these  experiments  when  mirrors  tunnels  will  be  removed. 


Table  5. 
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Fig.9.  The  dependence  of  SSG  on  the  position  of  the  probe  laser  beam  relative  to  the  optical  axis  (Y=0).  (blue  sqaure 

GI2=0.76*0.85,  red  circle-GI2=0. 86+0.92.) 
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Fig.  10.  The  dependence  of  gas  temperature  on  the  position  of  probe  laser  beam  (Y=0). 


3.3.  The  special  run  at  subsonic  gas  flow  velocity  in  the  cavity  with  slit  nozzle. 

For  comparison  two  special  runs  with  slit  nozzle  system  were  performed.  The  gas  flow  rates  were  identical  in 
both  runs  but  in  second  run  the  vacuum  receiver  was  not  opened.  The  results  of  probe  laser  experiment  (X=0,  Y=0)  are 
presented  in  Table  6.  In  the  run  1  the  supersonic  flow  and  in  run  2  subsonic  flow. 


Run 

p2 

p3 

p5 

Gi2 

SSG, 

%/cm 

WG, 

MHz 

T,K 

WL, 

MHz 

A 

(MHzx(%/cm) 

AN  (cm'3) 

M 

t,s 

1 

20.1 

0.60 

0.387 

224 

239 

50 

111 

2.5 

2 

28.8 

27 

29 

0.60 

-1.37 

291 

403 

135 

626 

EESOifl 

|  0.32  | 

2.5 

28 


Let's  don’t  take  into  account  the  influence  of  absorption  zone  in  the  mirror  tunnels  in  both  runs  on  the  measured  value  of 
SSG  and  temperature  T.  The  SSG  is  equal  to 


g(cm  l)= 


nIaX“ 


(Keq  +0.5)Y-0.5 
(Keq  -1)Y  +  1 


In  supersonic  run  SSG>0  and  in  subsonic  run  SSG<0.  It  means  that  in  supersonic  run  (Y-  Yth)>0  and  in  subsonic  run  (Y- 
Y^KO,  where  Yth=(l+2Keq)'1.  The  02(1A)  fraction  is  equal  to  Y=Y0-Yq-Yd,  where  Y0  is  the  initial  02(1A)  yield,  Yq 
fraction  of  02(!A)  lost  for  gas  heating  (this  value  include  the  quenching  losses  during  I2  dissociation),  Yd  is  the  02(!A) 
fraction  for  breaking  bond  of  I2  molecules  (~2  O^A)  for  one  I2). 

It  is  also  possible  to  estimate  absolute  gas  velocities  U,  threshold  02(1A)  fraction  Yth=(l+1.5exp(402/T))‘1  in  both  cases, 
flux  of  population  inversion  G*n  =  ANxU.  (Table  7).  The  stagnation  temperature  is  T  =T  (1+0.2M2).  The  heating  of  gas  is 
due  to  quenching  of  02(1A)  (value  Yq).  The  initial  stagnation  temperature  is  estimated  as  T*0=300K  for  both  runs.  Thus 
Yq  =(  T*-  T*0)  x3.5*(Gnp+Gns+Gc  )/Gc/l  1340.  Here  1 1340K  is  02(1A)  energy  in  K  and  3.5  is  specific  heat  capacity  of  N2 
or  02.  In  both  runs  the  initial  02(*A)  fraction  was  identical  Yq.  The  Yd  is  less  than  Ydmax=2[I2]/[02]=2Gi2/Gc.  The  calculated 
values  in  Table  7. 


Table  7. 


Run 

t\  k 

U,  m/s 

GAN(mmole/cm2/s) 

Yth 

Yq 

Ydmax 

Yth+  Ya+  Ydmax 

i 

335 

440 

0.04 

0.11 

0.04 

0.03 

0.18 

2 

411 

129 

0.066 

0.2 

0.09 

0.03 

0.32 

For  obtaining  absorption  in  subsonic  gas  flow  the  initial  02(1A)  yield  Y0  should  be  <  0.32.  In  this  case  the  available 
02(*A)  fraction  in  supersonic  gas  flow  is  only  Y0-(Yth+Yq+Ydmax)=0.14.  But  COIL  lasing  experiments  (Part  2) 
demonstrated  chemical  efficiency  >20%.  It  means  that  above  simple  analysis  was  not  correct.  This  contradiction  can  be 
explained  by  effect  of  absorption  zones  in  the  mirror  tunnels.  This  absorption  should  be  much  higher  for  subsonic  gas 
flow  in  cavity  due  to  much  higher  static  pressure  in  cavity.  In  this  case  the  measured  value  of  SSG  is  the  average  value 
along  optical  axis.  The  real  absorption  length  is  higher  than  5  cm.  In  the  case  of  supersonic  gas  flow  the  absorption 
zones  in  the  mirror  tunnels  smaller  but  also  exists. 

Thus  if  one  will  take  into  account  absorption  in  mirror  tunnels  it  is  possible  to  explain  high  measured 
absorption  in  subsonic  flow  conditions.  In  the  case  of  supersonic  flow  conditions  the  real  local  gain  is  higher  than 
measured. 

We  plan  to  make  experiments  with  probe  laser  without  mirror  tunnels.  The  glass  wedge  windows  will  be  walls 
for  gas  flow  in  this  case. 
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Part  4. 

Pulsed  COIL  with  a  Transverse  dc  Discharge  Generation  of  Iodine  Atoms 

1.  Introduction 

The  chemical  oxygen  -  iodine  laser  (COIL)  is  currently  considered  as  a  promising  candidate  for 
specific  industrial  and  other  applications.  Saying  about  industrial  COIL  applications  one  usually  means  CW 
mode  of  COIL  operation.  But  for  some  applications  the  power  is  a  crucial  factor.  In  this  case  the  COIL 
pulsed  mode  may  be  more  preferable. 

Indeed,  the  pulse  mode  of  COIL  operation  allows  one  to  get  pulses  which  power  exceeds  that  for 
CW  mode.  In  any  case  the  average  power  remains  constant  and  its  value  is  governed  by  chemicals  flow  rate. 
Such  a  pulsed  COIL  can  find  application  working  individually  as  well  as  in  a  complex  with  a  CW  COIL. 
The  latter  can  be  attractive  if  an  exact  coincidence  of  wavelength  is  required. 

The  different  approaches  are  used  to  get  pulse  mode  of  COIL  operation.  It  can  be  Q-switching  or 
mode  -  locking  methods  applied  to  CW  COIL.  In  these  cases  the  active  medium  is  prepared  by  mixing  of 
singlet  oxygen  with  molecular  iodine.  Because  of  fast  relaxation  processes  it  is  impossible  to  form  the 
active  medium  of  significant  dimensions.  It  is  easily  to  show  III  that  the  ratio  of  power  of  pulse  Wpuise 
produced  due  to  methods  mentioned  above  to  that  of  cw  mode  Wcw  at  the  same  chemicals  flow  rate  has  a 
limit: 


Wpulse/Wcw  =  Kf.[I]L/v,  (1) 

where  Kf  is  a  rate  constant  for  forward  reaction  of  energy  exchange,  [I]  is  a  concentration  of  iodine  atoms, 
L  is  a  laser  cavity  length  in  the  flow  direction  and  v  is  a  flow  velocity.  In  experiment  the  maximal  value  of 
16  was  obtained  /2/. 

To  generate  a  pulse  of  power  as  high  as  possible  one  have  to  form  a  large  scale  active  medium  with 
high  energy  store  and  then  extract  the  stored  energy  in  time  as  short  as  possible.  The  forming  of  large-scale 
active  medium  requires  one  to  use  relatively  stable  gas  mixture  at  the  stage  of  filling  the  active  volume.  It 
can  be  made  using  a  mixture  of  singlet  oxygen  with  iodides,  which  doesn’t  react  practically  with  singlet 
oxygen.  After  the  stage  of  filling  the  mixture  is  exposed  to  instantaneous  action  resulting  in  release  of  free 
iodine  atoms.  The  photolysis,  electric  discharge  ,  radiolysis  can  be  used  for  iodide  decomposition.  This 
method,  called  as  volume  generation  if  iodine  atoms,  make  it  possible  to  form  a  meter  scale  active  medium. 
Being  born  the  iodine  atoms  extract  the  energy  stored  in  singlet  oxygen  in  a  form  of  laser  emission  in  a  time 

Wpuise 

Tpulse  =  l/Kr[I],  (2) 


where  Kf  is  a  rate  constant  for  forward  reaction  of  energy  exchange  and  [I]  is  a  concentration  of  iodine 
atoms.  If  generation  of  iodine  atoms  doesn’t  activate  relaxation  processes  the  output  laser  energy  is 
determined  by  only  the  value  of  energy  stored  in  active  volume  and  remains  constant.  But  the  pulse  duration 
is  reciprocal  to  the  concentration  of  iodine  atoms.  Thus,  one  can  shorten  the  pulse  duration  and,  hence, 
increase  the  pulsed  power  by  increasing  the  iodine  concentration. 

When  photolysis  was  used  to  produce  iodine  atoms  the  specific  energy  of  3,3  J/ 1  was  obtained  at  3 
Torr  of  oxygen  pressure,  40%  singlet  oxygen  yield  and  at  CH3I  as  an  iodide  131.  This  value  of  specific 
energy  corresponds  to  90%  of  extraction  efficiency  and  to  23  %  of  chemical  efficiency.  The  chemical 
efficiency  of  36  %  was  obtained  at  lower  oxygen  pressure  and,  hence,  higher  singlet  oxygen  yield.  These 
very  high  values  of  chemical  efficiency  at  rather  low  yield  were  obtained  due  to  saving  die  excited  oxygen 
molecules  being  consumed  to  dissociate  molecular  iodine  in  the  traditional  CW  COIL  The  pulse  duration 
could  be  varied  from  15  jus  to  about  500  jus  at  practically  constant  output  energy.  The  pulse  power  of  300 
kW  was  obtained  from  a  laser  with  1.4  1  of  active  volume.  Thus  the  active  medium  as  long  as  1  m  in  flow 
direction  at  singlet  oxygen  pressure  to  3  Torr  and  power  level  of  three  orders  of  magnitude  higher  that  in 
CW  mode  at  the  same  chemicals  flowrate  were  demonstrated. 


Photolysis  is  a  very  convenient  way  to  produce  iodine  atoms  due  to  its  selectivity.  Its  demerits  are 
low  efficiency  and  low  repetition  rate  of  flash  lamps  operation.  The  electric  discharge  can  provide  laser 
operation  with  multi  kilohertz  repetition  rate.  But  ab  initio  it  was  not  clear  if  electric  discharge  is  suitable  to 
decompose  iodide  and,  at  the  same  time,  not  to  quench  the  singlet  oxygen  molecules.  The  experiments 
carried  out  with  a  longitudinal  pulsed  dc  discharge  showed  the  electric  discharge  is  effective  for  this 
purpose.  The  specific  energy  of  1  J  / 1  was  obtained  at  2  Torr  of  oxygen  pressure.  The  total  efficiency  (ratio 
of  laser  output  energy  to  that  stored  in  capacity  bank)  was  close  to  100%  /4/.  The  operation  with  repetition 
rate  up  to  20  Hz  was  demonstrated.  Note,  that  repetition  rate  in  our  case  was  limited  by  the  power  of  an 
available  power  supply. 

The  value  of  specific  energy  obtained  with  electric  discharge  initiation  is  at  a  disadvantage  in 
relation  to  that  obtained  with  photolysis.  The  possible  causes  of  this  difference  could  be  the  quenching  of 
singlet  oxygen  by  electrons  and  particle  fragments  as  well  as  heating  of  active  medium  due  to  increased 
energy  cost  of  iodine  atoms  produced  by  discharge.  The  energy  of  UV  quantum  causing  the  iodide  molecule 
dissociation  is  5  eV.  Assuming  the  total  energy  stored  in  capacitor  bank  is  deposited  into  active  medium  one 
can  estimate  the  energy  cost  of  iodine  atom  produced  by  discharge  is  as  large  as  25  eV. 

The  promising  results  obtained  with  the  longitudinal  pulsed  COIL  with  volume  generation  of 
atomic  iodine  by  using  a  dc  discharge  encouraged  us  to  start  an  investigation  of  a  transverse  discharge 
excitation.  This  type  of  discharge  make  it  possible  to  work  with  higher  pressure  of  singlet  oxygen  provided 
by  modern  jet  singlet  oxygen  generator.  Besides,  it  was  found  that  repetitively  pulsed  operation  of 
longitudinal  COIL  worsens  when  repetition  rate  increases.  This  is  a  result  of  vaporization  of  iodine 
deposited  on  the  wall  of  laser  chamber.  One  can  decrease  this  effect  by  minimizing  the  ratio  of  surface  of 
laser  chamber  to  its  volume.  It  can  be  made  when  transverse  flow  transverse  discharge  is  used. 

But  change  over  to  the  transverse  discharge  configuration  meets  problems.  The  first  one  is  an 
acceptable  matching  of  transverse  discharge  to  power  supply  circuit.  It  is  known  that  the  best  energy 
transfer  from  power  supply  to  the  load  is  obtained  when  the  load  resistance  is  equal  to  that  of  power  supply. 
Unlike  the  longitudinal  discharge  the  transverse  one  has  usually  significantly  shorter  discharge  gap  at  larger 
area  of  discharge  cross  -section. 

The  resistance  of  the  discharge  is  proportional  to  its  length  and  reciprocal  of  its  cross  section. 

Thus,  shortening  the  length  of  discharge  gap  by  a  factor  of  n  one  have  to  increase  the  cross  section  by  the 
same  factor  to  save  the  active  volume.  As  a  result  the  resistance  of  discharge  reduces  by  a  factor  of  1/n2.  To 
save  the  electric  field  strength  one  has  to  decrease  the  voltage  across  a  discharge  gap  by  a  factor  1/n  too. 

The  latter  requires  one  to  increase  the  capacitance  by  a  factor  of  n2  to  save  the  energy  deposition  into  active 
medium.  In  its  turn  the  change  of  capacitance  results  in  decreasing  the  circuit  resistance  by  a  factor  1/n. 

(The  inductances  for  both  longitudinal  and  transverse  discharges  are  assumed  to  be  equal).  Thus,  one  can 
see  that  discharge  gap  resistance  changes  proportionally  to  1/n2  while  that  for  circuit  is  proportional  to  1/n. 
This  difference  results  in  impedance  mismatch. 

The  another  problem  can  be  essential  when  operation  pressure  and  discharge  gap  are  small.  In  this 
case  the  length  of  cathode  fall  of  voltage  can  occupy  the  major  part  of  active  volume  thus  shortening  the 
area  of  positive  column  in  which  the  processes  governing  the  laser  operation  occur. 


2.  Experimental  technique. 

At  present  the  different  approaches  are  used  to  provide  the  transverse  electric  discharge  to  drive 
the  gas  lasers  with  high  operation  pressure  (C02  -  lasers,  eximer  lasers).  Practically  all  of  them  use  the 
preionization  with  electron  beam  or  photoionization.  To  produce  the  latter  the  array  of  spark  gaps,  barrier 
discharge  or  surface  discharge  is  used.  Recently  the  great  success  was  obtained  in  initiation  of  nonchain  HF 
-  laser  15/  using  a  system  of  electrodes  with  high  edge  nonuniformity  and  without  any  preionization.  The 
uniform  self-sustained  volume  discharge  was  obtained  in  a  mixture  of  SF6  with  hydrocarbons  C2H6  at  total 
pressure  of  60  Torr  and  the  component  ratio  SF6 :  C2H6  =  20  :  1.  The  active  volume  of  laser  chamber  was  as 
large  as  50 1  at  the  length  of  electrodes  gap  27  cm.  The  simple  flat  electrodes  with  rounding  along  its 
perimeter  were  used.  The  mechanism  of  formation  of  a  uniform  volume  discharge  proposed  by  authors 
allowed  us  to  hope  to  obtain  similar  results  in  the  case  of  pulsed  COIL  active  medium.  Indeed,  like  that  in 
HF  -  laser,  the  COIL  active  medium  contains  the  electronegative  component  -  oxygen  and  easy  to 
ionization  component  -  RI.  Note,  that  ionization  potentials  for  both  CH3I  -  9.5  eV  and  for  CF3I  -  10,2  eV 


are  the  less  that  for  C2H6.  Besides,  the  less  pressure  of  the  COIL  active  medium  seemed  to  be  positive  to 
obtain  the  uniform  discharge. 

Two  laser  chambers  with  electrodes  system  mentioned  above  were  designed  and  manufactured. 
The  first  one  has  50  cm  gain  length  and  4  cm  discharge  gap  (fig.l)  The  active  volume  of  this  chamber  is 
800  cm3.  This  laser  chamber  is  integrated  with  laser  facility  providing  the  operation  with  chlorine  flowrate 
up  to  100  mmole  /  s  and  pumping  capacity  to  1500  1  /  s.  Thus,  one  can  expect  the  maximal  repetition  rate  to 
over  1  kHz. 

Both  electrodes  were  made  of  flat  aluminum  plates  rounded  along  their  perimeters.  The  cathode 
surface  was  subjected  to  sand-blasting. 

All  attempts  to  get  a  uniform  discharge  with  this  electrode  system  were  unsuccessful.  The 
nonuniformity  increased  drastically  when  iodide  was  added  to  oxygen.  No  lasing  was  detected  within  wide 
range  of  variation  of  electrical  circuit  parameters.  To  improve  the  discharge  uniformity  the  electrode  system 
was  modified.  The  flat  cathode  was  substituted  for  electrode  with  a  surface  discharge.  The  array  of  plasma 
channels  produced  across  its  surface  served  as  a  plasma  cathode.  Such  a  cathode  reduces  the  role  of 
negative  effects  in  the  zone  of  cathode  voltage  fall.  Besides,  the  VUV  radiation  of  plasma  channels  causes 
the  preionization  of  discharge  gap.  As  a  result,  the  uniform  discharges  were  obtained  in  the  zones  where  the 
plasma  channels  existed.  Thus  the  task  was  reduced  to  receiving  the  total  filling  the  cathode  surface  with  a 
plasma  channels.  This  work  is  now  in  progress. 

The  second  laser  chamber  was  designed  to  work  in  combination  with  a  jet  singlet  oxygen  generator 
(fig.  2).  It  has  5  cm  gain  length  and  2  cm  electrode  gap  and  in  its  first  version  it  was  equipped  with  a  simple 
system  of  electrodes.  Like  that  for  the  50  cm  laser  chamber  all  attempts  to  obtain  the  uniform  discharge 
were  unsuccessful  too. 

In  spite  our  experiments  with  simple  electrode  system  without  preionization  were  unsuccessful  we 
believe  this  approach  can  be  useful  for  future  experiments  at  higher  pressure  and  longer  electrode  gaps.  Up 
to  now  the  simple  flat  cathode  was  substituted  for  resistively  loaded  multi  pin  one.  The  satisfactory  uniform 
discharge  was  obtained  in  recent  experiments.  This  substitution  was  made  on  the  base  of  results  obtained 
with  a  19-cm  gain  length  laser  chamber  equipped  with  multi  pin  resistively  loaded  cathode.  All  results 
presented  below  on  the  pulsed  COIL  with  generation  of  iodine  atoms  by  using  a  transverse  discharge  were 
obtained  with  this  laser  chamber. 

The  experimental  facility  (fig.3)  included  the  chemical  singlet  oxygen  generator,  gas  handling 
system,  pumping  system,  discharge  power  supply,  optical  chamber,  laser  chamber,  control  system.  The 
quartz  cylinder  sparger  singlet  oxygen  generator  had  140-mm  diameter  and  230  mm  height.  It  was  packed 
with  Rashig  rings  (12xl2xl.5mm)  made  of  Teflon.  The  height  of  packing  was  130  mm.  The  typical  working 
solution  was  prepared  by  mixing  750  ml  of  50%  hydrogen  peroxide  with  400  ml  of  50  %  KOH.  The  start 
temperature  of  working  solution  in  SOG  was  close  to  -  20°  C.  Typically,  the  duration  of  a  run  was  as  long 
as  10  -  20  sec  and  then  it  was  followed  with  a  period  of  cooling  the  working  solution.  The  gas  from  SOG 
was  transported  to  the  laser  cavity  through  a  quartz  tube  of  50-mm  o.d.  The  pressure  guide,  iodide  injector 
and  optical  chamber  inlet  were  located  500  mm,  640  mm  and  800  mm  downstream  of  SOG,  respectively. 
The  iodide  injector  was  perforated  torus  made  of  Teflon.  The  gas  flow  entering  the  optical  chamber 
branched  into  two  arms  ended  with  outlets  to  pumping  system  and  cavity  mirrors  holders.  The  total  length 
of  optical  chamber  was  1600  mm  and  it  was  equal  to  the  length  of  the  laser  resonator  when  internal  mirrors 
were  used.  Previously  this  optical  chamber  was  used  as  a  laser  cell  of  the  pulsed  COIL  with  longitudinal 
geometry.  In  the  present  work  the  19-cm  gain  length  laser  cell  was  inserted  into  the  one  of  the  arms  of 
optical  chamber. 

The  laser  chamber  was  equipped  with  electrodes,  1.8  cm  apart,  providing  the  transverse  discharge 
with  respect  to  the  flow  direction.  It  had  19-cm  length  cathode  with  120  pins  arranged  in  three  lines.  The 
active  volume  was  52  cm3.  The  electric  circuit  (Fig.4)  was  fed  with  a  positive  high  voltage  from  a  power 
supply  with  a  buffer  capacitor  Q.  The  discharge  capacitor  C2  could  be  varied  within  3.4  nF....20.4  nF  by 
variation  of  the  number  of  capacitor  of  3.4  nF.  The  electric  discharge  was  triggered  by  the  pulse  generated 
with  a  generator  S  and  applied  to  the  grid  of  thyratron  TGI1-  16  /  500.This  thyratron  provided  the  circuit 
operation  with  a  voltage  up  to  18  kV  (little  over  its  passport  limit).  In  its  turn  the  pulse  generator  PG  drove 
the  triggering  generator  S.  The  duration  of  discharge  was  close  to  200  ns. 

Molecular  chlorine  was  fed  through  the  leaker  and  electromagnetic  valve  from  a  5 -liter  volume 
flexible  polyethylene  bag  filled  from  a  standard  cylinder  with  liquid  chlorine.  The  application  of  a  flexible 
bag  made  it  possible  to  sustain  the  input  pressure  to  be  equal  to  atmospheric  one  and  thus  to  stabilize  the 


chlorine  flowrate.  Iodides  were  fed  through  the  leaker  and  electromagnetic  valve  too.  CH3I  delivered  from  a 
stainless  steel  vessel  of  8-1  volume  charged  with  100  ml  of  liquid  iodide.  CF3I  was  fed  from  small  volume 
cylinder.  When  used  the  buffer  gases  (He,  N2,  Ar,  SF6)  were  injected  into  the  chlorine  flow  upstream  of 
SOG.  This  way  made  it  possible  to  reduce  the  chlorine  partial  pressure  in  SOG  and  thus  increase  the  singlet 
oxygen  yield  at  high  buffer  gas  flowrate. 

The  laser  emission  was  detected  with  Ge-  photodiode  equipped  with  averaging  sphere.  Laser 
emission  was  focused  on  the  hole  of  this  sphere.  The  signal  from  detector  was  monitored  with  oscilloscope 
and  then  recorded  with  a  digital  camera.  The  output  energy  was  measured  with  a  calorimeter.  The  losses  of 
energy  in  the  elements  of  optical  system  were  taken  into  account. 

3.  Results  and  discussion. 

The  investigation  of  pulsed  COIL  with  generation  of  iodine  atoms  in  the  pulsed  DC  discharge  was 
performed  in  Troitsk  in  accordance  with  Item  2.  The  influence  of  discharge  energy,  discharge  voltage, 
oxygen  pressure,  sort  and  pressure  of  buffer  gas  on  laser  parameters  was  investigated. 

All  experiments  were  performed  with  laser  cavity  formed  with  totally  reflecting  mirror  and  output 
one  with  4.5  %  transmission.  This  value  of  transmission  was  chosen  on  the  base  of  preliminary  experiments 
on  resonator  optimization.  Pump  capacity  was  80 1  /  s.  It  is  not  the  limit  for  our  pumping  system,  but  such  a 
medium  pumping  made  it  possible  to  increase  the  run  duration  without  refilling  the  SOG. 

Specification: 

P02  -  oxygen  pressure  in  laser  chamber 

PHe  -  helium  pressure 

PAr-  argon  pressure 

PN2  -  nitrogen  pressure 

Psf6  ~  sulfur  hexafluoride  pressure 

Prj  -  iodide  pressure 

E  om  -  output  laser  energy 

C2  -  discharge  bank  capacitance 

V  -  capacitor  bank  voltage 

Ed  -  energy  stored  in  capacitor  bank 
Ti/2  -  pulse  duration 

Tdel  -  delay  time  between  discharge  and  lasing  start 
e  -  specific  energy  (E  out  /  52  cm3) 

I  -  intensity  of  singlet  oxygen  luminescence 
(q  =  I  /  P02 )-  relative  yield 

3.1.  Oxygen  pressure. 

Experimental  conditions: 

C2  =  13.6  nF 

V  -  18  kV 
Eei  =  4.4  J 

Buffer  gas  -  nitrogen,  PN2  =  9  ton- 

iodide  -  CH3I,  Pri  =  0.5  ton 

The  matrix  of  experiments  is  presented  in  Table  1. 


Tablet 


Po2,Ton 

Eout,  mJ 

q,  arb.  u 

e,mJ/cm3 

X1/2.US 

mmm 

18 

30 

0.15 

10.6 

5 

1.0 

33 

25 

0.63 

11.3 

5 

1.6 

42 

23 

0.81 

10.8 

5 

2.0 

47 

22 

0.9 

12.6 

5 

3.0 

40 

20 

0.76 

9 

4 

One  can  see  the  variation  of  oxygen  pressure  results  practically  in  only  variation  of  the  output 
energy  value.  Pulse  duration  and  time  delay  remains  constant  within  the  limit  of  error  (about  1  jus,  the 
thickness  of  the  oscilloscope  beam)  (Fig.  5).  It  means  the  iodide  concentration  remains  constant  for  all 
oxygen  pressures.  Thus  the  energy  deposition  into  active  medium  is  governed  mainly  by  buffer  gas  that 
pressure  is  in  excess  of  that  for  oxygen. 

Unlike  the  theoretical  predictions  the  output  energy  doesn’t  increase  linearly  with  oxygen  pressure 
but  has  a  maximum  (Fig.  6).  The  reason  of  such  a  behavior  is  a  drop  of  singlet  oxygen  yield  when  oxygen 
pressure  increases.  Such  a  drop  is  critical  for  sparger  type  singlet  oxygen  generator,  and  it  practically 
negligible  for  jet  one  (at  least  within  the  pressure  range  investigated).  Thus  one  can  expect  an  appreciable 
increase  of  output  energy  working  with  jet  SOG  instead  of  sparger  one.  In  this  case  the  improvement  of 
laser  performance  is  due  to  increase  of  both  the  oxygen  operation  pressure  and  singlet  oxygen  yield.  In  our 
experiments  the  yield  value  doesn’t  exceed  40  %  at  pumping  capacity  80 1  /  s 

Nevertheless,  the  value  0.9  J  / 1  of  specific  energy  obtained  is  at  a  slight  disadvantage  in  relation  to 
longitudinal  discharge.  At  the  same  time  the  pulse  duration  is  much  shorter.  Note,  the  visual  observation  of 
discharge  shows  its  nonuniformity.  Thus  one  can  expect  the  increasing  of  specific  energy  under 
improvement  of  discharge  uniformity. 

3.2.  Sort  and  partial  pressure  of  iodide. 

Experimental  conditions: 

C2  =  13.6  nF 
V=  18  kV 
Eel  =  4.4  J 
PO2=1.0torr 

Buffer  gas  -  nitrogen,  PN2  =  9  torr 

The  matrix  of  experiments  is  presented  in  Table  2 


Table  2 


Pri,  torr 

Eout, 

Ti/2,  Its 

^deb  M-S 

[I],  1014  cm'3 

[I]  /  [RI] 

CH3I 

0.2 

28 

16 

9 

8 

0.12 

0.4 

36 

12 

5 

10.6 

0.08 

0.6 

37 

9 

4 

14 

0.07 

0.7 

37 

9 

4 

14 

0.06 

CFjI 

0.2 

18 

17 

9 

7.5 

0.12 

■HEBH 

24 

13 

5 

10 

0.08 

29 

9 

4 

14 

0.07 

0.8 

29 

8 

3 

16 

0.06 

1.0 

30 

7,5 

3 

17 

1.5 

33 

7 

2 

18 

Low  saturation  pressure  of  CH3I  vapor  limited  the  range  of  Pri  variation. 

The  results  obtained  show  the  both  iodides  produce  iodine  atoms  with  the  same  effectiveness.  It  results  in 
practically  identical  time  parameters  of  laser  pulses  obtained  at  the  equal  iodide  pressures  (Fig.7).  The  value 
of  iodine  atom  concentration  [I]  and  ratio  of  this  value  to  the  corresponding  iodide  molecules  one  is 
presented  in  the  Table  2  too.  The  latter  is  a  level  of  iodide  dissociation.  The  iodine  atom  concentrations 
were  evaluated  from  equation  (2)  using  experimental  data  on  pulse  duration.  Note  that  iodine  atom 
concentration  of  1.8xl015  cm'3  is  close  to  the  highest  value  reported  for  COIL  operation  of  both  CW  and 
pulsed  modes. 

Thus,  the  increase  in  iodide  partial  pressure  is  a  fruitful  way  to  shorten  the  pulse  duration.  When  laser 
operates  much  over  threshold  the  output  energy  changes  slightly  (Fig.  8). 


Like  that  for  the  case  of  photoinitiation  the  output  energy  depends  in  the  same  manner  on  the  sort 
of  iodide  used.  The  CH3I  appears  to  be  more  effective  iodine  donor  (Fig.8).  It  was  shown 76/  that  the  cause 
of  such  a  difference  is  a  fast  quenching  of  singlet  oxygen  by  R02  molecules  (R  is  a  radical  CH3  or  CF3 ) 
formed  after  iodide  dissociation  But  in  the  case  of  discharge  the  output  energies  obtained  for  these  two 
iodides  differ  by  only  15  %  against  that  of  about  50  %  for  photolysis.  It  can  be  a  result  of  more  short  pulse 
duration. 

One  can  see  the  level  of  dissociation  drops  when  iodide  concentration  increases.  As  soon  as 
iodide  molecules  dissociate  in  a  process  of  dissociative  attachment  the  drop  of  dissociation  level  can  be 
result  of  deficit  of  electrons  in  active  medium.  This  deficit  can  be  eliminated  due  to  higher  voltage  or 
discharge  energy.  Indeed,  this  effect  was  observed  (see  below). 

3.3.  Voltage  and  bank  capacitance. 

Experimental  conditions: 

P02  =1.0  torr 

Buffer  gas  -  nitrogen,  PN2  =  9  ton- 

iodide  -  CF3I,  Pri  =1.5  ton 

The  matrix  of  experiments  is  presented  in  Table  3 


Table  3. 


U,kV 

Bo.,,  mJ 

Tl/2,MS 

Lleb  ItS 

[I],  1014  cm'3 

Cost,  eV 

C2  =  6.8  nF 

10 

0.68 

19 

- 

- 

10 

0.68 

- 

- 

15 

1.53 

28 

- 

ti 

§4 

1$ 

5 

~  m 

m 

C2  =  20.4  nF 

io 

£04 

29 

1 

i 

■ 

m 

15 

4.59 

28 

7 

2 

ii 

306 

H 

iftfl  m-M 

i 

■  ■ 

J§||  V 

10 

0.34 

1.2 

- 

24 

- 

15 

0.76 

13 

17 

8 

7 

130 

18 

1.10 

17 

16 

5 

8 

162 

C2=  13.6  nF 

10 

1.36 

28 

10 

4 

13 

125 

15 

3.06 

31 

7.5 

2.5 

17 

216 

18 

4.40 

33 

1 

m 

I 

8 

291 

The  variation  of  voltage  at  constant  bank  capacitance  results  in  only  variation  of  stored  energy 
while,  besides  that,  variation  of  C2  changes  the  matching  of  discharge  to  circuit.  In  our  case  this  effect  is  not 
so  important.  It  seems  the  range  of  variation  of  voltage  and  capacitance  investigated  is  too  small  to 
understand  what  parameter  of  discharge  circuit  is  a  critical  one.  The  results  obtained  show  the  stored  energy 
is  a  critical  factor  governing  the  value  of  output  energy  and  time  parameters  within  the  range  investigated. 

The  values  of  energy  cost  of  iodine  atom  presented  in  Table  3  seem  to  be  very  large.  These  values 
are  relative  one.  The  real  values  of  energy  cost  can  be  obtained  if  energy  deposition  into  active  medium  is 
known.  In  its  turn  energy  deposition  is  determined  as  a  product  of  discharge  current  by  voltage  drop  across 
the  discharge  gap.  The  apparatus  to  measure  these  parameters  is  now  under  manufacturing. 

It  was  mentioned  above  the  shortening  of  laser  pulse  can  be  obtained  due  to  iodide  pressure 
increase  as  well  as  to  discharge  energy  increase.  Indeed,  one  can  see,  the  shortest  pulse  duration  of  6.5  (is 
(Fig.9)  was  obtained  at  iodide  pressure  1.5  torr  and  6.6  J  of  energy  store  in  capacitor  bank. 

3.4.  Buffer  gas. 

Experimental  conditions: 


C2  =  13.6  nF 


PO2=l-0  ton- 

iodide  -  CH3I,  =0.5  ton 

The  matrix  of  experiments  is  presented  in  Table  4 

Table4 


Unlike  that  for  pulsed  COIL  with  photolysis  the  role  of  buffer  gas  in  a  discharge  initiated  laser  is 
more  complex.  In  this  case  buffer  gas  not  only  increases  the  heat  capacity  of  active  medium  but  change  the 
parameters  of  discharge  plasma.  In  particular,  the  increase  of  operation  pressure  due  to  buffer  gas  make  it 
possible  to  increase  the  discharge  resistance  and  thus  improve  the  energy  deposition  into  active  medium. 
Indeed,  one  can  see  from  table  4,  the  higher  buffer  gas  pressure  results  in  shortening  of  both  pulse  duration 
and  time  delay.  As  it  was  shown  above,  both  these  effects  are  governed  by  mainly  iodine  atom 
concentration  in  active  medium. 


The  efficiency  of  buffer  gas  depends  on  its  sort.  Fig  10  demonstrates  the  dependence  of  output 
energy  on  buffer  gas  partial  pressure  for  V  =  15  kV.  One  can  see  the  buffer  gas  heat  capacity  is  not  the  only 
parameter  governing  the  laser  performance.  Indeed,  helium  and  argon  having  the  same  heat  capacity  result 
in  different  output  energy.  It  is  positive  that  cheap  nitrogen  is  not  at  a  disadvantage  in  relation  to  expensive 
helium. 

The  high  efficiency  of  SF6  seems  to  be  very  promising.  It  is  known  that  SF6  dissociates  in  a 
discharge,  forming  free  fluorine  atoms  F.  Thus  one  has  opportunity  to  use  chemical  generation  of  iodine 
atoms.  When  HI  or  DI  is  used  as  an  iodine  atom  donor  free  fluorine  atoms  can  react  with  iodide  forming 
free  iodine  atoms  111. 

F  +  HI(DI)  ->  I  +  HF(DF)  (3) 

Thus,  high  concentration  of  iodine  atoms  can  be  obtained  due  to  increase  of  SF6  partial  pressure  instead  of 
iodide  one.  Besides,  this  way  allows  one  to  reduce  the  expenses  for  laser  operation. 

Unfortunately,  our  facility  didn’t  allowed  us  to  increase  SF6  pressure  over  7  torr.  Because  of 
insufficient  conductivity  of  our  pipe  line  and  high  SF6  viscosity  the  input  pressure  over  1  atm  was  required 
to  provide  necessary  SF6  flowrate.  But  this  high  pressure  blocked  the  chlorine  flow  driven  by  atmospheric 
pressure  pressing  the  chlorine  bag. 

.4.  Conclusion. 

Investigation  of  the  pulsed  COIL  with  volume  generation  of  iodine  atoms  using  a  transverse  DC 
discharge  was  performed.  The  influence  of  oxygen  pressure,  iodide  sort  and  pressure,  discharge  energy, 
sort  and  pressure  of  buffer  gas  on  the  output  energy  and  time  parameters  of  the  laser  pulse  was  studied.  The 
aim  of  investigation  was  to  search  for  the  ways  making  it  possible  to  generate  a  laser  pulse  as  powerful  as 
possible.  It  was  shown  the  increase  of  oxygen  pressure  and  singlet  oxygen  yield  resulted  in  output  energy 
growth  at  conserved  pulse  duration.  At  the  same  time  increase  of  both  iodide  concentration  and  discharge 
energy  resulted  in  growth  of  iodine  atom  concentration  and  thus  in  shortening  of  the  pulse  duration.  The 
pulse  duration  of  6.5  ps  is  reported.  This  value  corresponds  to  the  iodine  atom  concentration  close  to  the 
highest  one  reported  for  the  COIL  of  both  CW  and  pulsed  type. 

Following  this  way  one  can  produce  the  iodine  atom  concentration  close  to  that  of  singlet  oxygen. 
In  this  case  the  significant  fraction  of  energy  is  stored  in  iodine  atoms.  If  Q-modulation  method  is  applied 
this  energy  can  be  extracted  in  a  form  of  nanosecond  scale  pulse. 

Specific  energy  of  0.9  J  / 1,  that  is  close  to  that  obtained  with  longitudinal  discharge,  and  specific 
power  of  75  kW  / 1  was  obtained.  The  ways  to  increase  these  values  were  proposed. 

Hexafluoride  was  shown  to  be  a  very  promising  buffer  gas.  Having  rather  high  heat  capacity  this 
gas  generates  fluorine  atoms  when  exposed  to  discharge.  Thus,  application  of  this  buffer  gas  make  it 
possible  to  use  chemical  generation  of  iodine  atoms  via  reaction  of  fluorine  atoms  with  HI  or  DI  used  as 
iodine  donor. 
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Part5 

The  study  of  production  iodine  atoms  from  CH3I  in  RF  discharge. 

The  volume  production  of  iodine  atoms  using  transverse  RF  discharge  in  the  mixture  of  a 
iodide  (RI)  with  singlet  oxygen  is  very  attractive  method  for  creation  active  medium  for  the 
Q-switched  COIL.  The  existing  RF  power  supply  with  the  next  output  parameters  has  been 
modified  for  realization  such  possibility: 


CW  power  1.5  kW, 

frequency  16MHz, 

CW  maximal  voltage  8.5  kV, 

pulse  duration  variable, 

pulse  repetition  frequency  1kHz 


Peak  pulse  power  at  pulse  duration  about  10  jxs  exceeded  CW  power  in  several  times  only. 

The  major  problem  of  this  investigation  consists  in  the  determination  of  the  iodide 
dissociation  efficiency.  There  are  two  methods: 

1)  to  use  COIL  lasing; 

2)  to  use  probe  laser  for  the  measurement  iodine  atom  concentration. 

The  first  method  means  the  work  in  the  dark  conditions  without  any  information  about 
iodine  atom  concentration,  if  lasing  is  absent.  Second  method  can’t  be  used  at  the  conditions 
of  the  pulse  repetition  mode  of  the  supersonic  COIL.  Requested  pulse  duration  is 
x  <  0.1Lgain/Ugas  «  10  ps  because  the  period  of  the  probe  laser  frequency  scanning 
Tscan  =  40ms  »t.  Taking  into  account  these  circumstances  the  efficiency  of  iodine  atoms 
generation  is  studied  at  CW  mode  of  RF  discharge  and  subsonic  flow.  Conditions  of  the 
subsonic  flow  give  possibility  to  increase  the  interaction  of  gas  with  plasma  of  RF  discharge 
and  to  reach  more  higher  iodine  concentration  from  one  hand  and  to  use  smaller  iodide  flow 
rates  at  the  requested  iodide  partial  pressures.  The  typical  portion  of  the  dissociated  iodide  in 
the  axial  flow  pulse  repetition  COIL  with  DC  discharge  equal  to  approximately  (1-5-3)% 
because  iodide  and  chlorine  flow  rates  are  close  with  each  other.  This  means  that  the 
obtaining  the  requested  iodide  partial  pressure  in  the  subsonic  mode  operation  is  possible  at 
significantly  less  iodide  molar  flow  rate  than  at  supersonic  mode.  The  special  discharge 
chamber  has  been  manufactured.  The  electrodes  with  square  6x6  cm  have  been  manufactured 
from  the  glass  plastic  with  copper  cover.  The  thickness  of  the  glass  plastic  plates  was  1.5mm. 
The  distance  between  these  the  glass  plastic  plates  equal  to  30  mm.  The  Plexiglas  nozzles’ 
blades  with  thickness  5  mm  were  inserted  in  the  discharge  chamber  forming  the  gap  of 
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20mm.  The  nitrogen  and  then  argon  were  used  as  carriers  iodide  molecules.  At  first  the 
nitrogen  molar  flow  rate  was  20  mmole/s,  iodide  flow  rate  (CH3J)  -  4.3  mmole/sec,  the  static 
pressure  in  the  discharge  chamber  without  discharge  was  3.2  torr  and  increased  up  to  3. 4+3. 9 
torr  when  the  discharge  was  switched  in.  The  current,  voltage  and  the  phase  shift  between  its 
were  measured  .  The  input  power  in  the  gap  was  calculated  and  was  changed  in  the  limits 
150W  +  1500W  but  we  could  not  say  exactly  what  portion  of  this  power  is  power  input  in  the 
gas  flow  because  the  resistance  of  plastic  glass  plates  and  nozzle’s  blades  is  unknown.  The 
voltage  was  varied  from  2  to  8.2  kV.  The  discharge  was  homogeneous.  The  probe  laser  beam 
was  used  for  determination  of  the  iodine  atoms’  absorption  which  appeared  at  input  power 
more  250  W.  The  probe  laser  beam  was  located  in  the  center  of  discharge  chamber.  The 
absorption  value  had  weak  dependence  on  the  input  power  in  the  limits  (250  +  1500)  W  and 
was  2aL=(0.35  +0.5)%  although  the  line  width  changed  from  250MHz  to  285  MHz.  At 
increasing  twice  nitrogen  flow  rates  and  static  pressure  in  the  discharge  gap  the  absorption 
value  equaled  to  0,4%  at  maximal  possible  input  power.  The  typical  best  absorption  lines  are 
presented  in  fig.l+fig.4  and  experimental  conditions  -  in  the  Table  1.  The  change  nitrogen  on 
argon  at  the  same  flow  rate  resulted  in  the  decreasing  of  the  absorption  value.  The  maximal 
absorption  0.3%  was  reached  in  one  run  only.  The  reached  maximal  iodide  dissociation 
efficiency  is  one  order  of  magnitude  less  than  the  requested  one  for  successful  COIL 
operation.  It’s  worth  nothing  that  the  discharge  gap  constitutes  close  to  reactive  load  and  the 
phase  shift  between  voltage  and  current  differs  from  90°  on  small  value.  It  means  bad 
impedance  match  power  supply  and  load.  It’s  necessary  to  develop  the  special  RF  power 
supply  with  high  peak  pulse  power  and  small  impedance.  Decreasing  the  static  pressure  and 
increasing  voltage  for  raising  discharge  parameter  (E/Pcavity)  had  not  sense  because  low  static 
pressure  has  not  interest  but  large  voltage  is  very  danger  at  real  COIL  operation  conditions 
when  BHP  aerosol  may  provide  the  conductivity  the  duct  walls.  The  further  investigation  of 
this  method  for  production  of  iodine  atoms  were  stopped. 


Table  1 


McH3I, 

mmole/s 

Mn2, 

mmole/s 

Pcavity,  torr 

U,  kV 

I,  A 

Wdisch,  W 

a,  %/cm 

4.3 

20 

3.4 

5.5 

2 

525 

0.0437 

4.3 

20 

3.4 

5.9 

2.5 

840 

0.0494 

4.3 

39 

6.56 

4.6 

2.5 

1350 

0.0405 

4.3 

40 

6.6 

4.6 

2.5 

1500 

0.04 

Fig.  2 


4 


November  4  Run  8  Sec  8 


Fig.  4 


Fig.  2.  The  small-scale  laser  chamber  with  a  Jet  SOG 


Fig.  2.  The  small-scale  laser  chamber  with  a  Jet  SOG 
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